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a-Receptor 

Synonyms 

Sigma-receptor 

Definition 

One of two subtypes of receptor for several opioid drugs 
that was thought (originally) to be a type of opioid recep¬ 
tor but has subsequently been shown to be unrelated. 
Although one type of a-receptor (type 1) has been 
isolated, it is not a GPCR and its biological function is 
still being resolved. 


Saccaddes 

► Eye Movement Tasks 


Saladaceae 

► Celastraceae 


Sandostatin 

► Octreotide 


Saporin 

Definition 

A neurotoxin that is used in conjugation with different 
ligands to selectively deplete target neurons. 


Satiety 

Definition 

The end state of satisfaction after consumption of a meal. 
The further suppression of the drive to consume post¬ 
meal ( between-meal inhibition). 

Cross-References 

► Hunger 

► Satiation 


Saturation Binding Curve 

Synonyms 

Labeled ligand concentration binding isotherm 

Definition 

Isotherm: a line that connects points of equal temperature 
or points of measurements performed at equal tempera¬ 
ture. The specific binding of the labeled ligand to tissue 
samples is measured at a given temperature at various 
concentrations of the labeled ligand. The values of the 
specific binding, on the ordinate, are plotted versus the 
labeled ligands free concentration on the abscissa; connect¬ 
ing the points results in a curve with the form of a hyper¬ 
bola. At a certain concentration of the labeled ligand, all 
available specific binding sites in the tissue sample will be 
occupied by the labeled ligand and specific binding will not 
further increase with increasing labeled ligand concentra¬ 
tion; saturation of specific binding is reached. 

Cross-References 

► Receptors: Binding Assays 


Scalar Property 

Definition 

Scalar property refers to the linear relationship between 
the estimation error and the estimated duration. In most 
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species investigated, including humans, the estimation 
error increases linearly with the estimated duration across 
a large range of intervals (see Gibbon et al., 1997). 


Schedule I 

Definition 

A category of controlled substances outlined in the U.S. 
Comprehensive Drug Abuse Prevention and Control Act 
of 1970. Schedule I drugs: 

• Have a high potential for abuse 

• Have no currently accepted medical use in treatment 
in the USA 

• Have a lack of accepted safety for use under medical 
supervision 

Examples of Schedule I drugs include: crack cocaine, 
GHB, Heroin, LSD, MDMA 

Cross-References 

► Comprehensive Drug Abuse Prevention and Control 
Act of 1970 

► Crack 

► GHB 

► Heroin 

► LSD 

► Methylenedioxymethamphetamine (MDMA) 


Schedule II 

Definition 

A category of controlled substances outlined in the U.S. 
Comprehensive Drug Abuse Prevention and Control Act 
of 1970. Schedule II drugs: 

• Have a high potential for abuse 

• Have a currently accepted medical use in treatment in 
the USA or a currently accepted medical use with 
severe restrictions 

• May lead to severe physiological or physical depen¬ 
dence 

Examples of Schedule II drugs include: amphetamine, 
cocaine, morphine, oxycodone, methylphenidate (Ritalin). 

Cross-References 

► Amphetamine 

► Cocaine 


► Comprehensive Drug Abuse Prevention and Control 
Act of 1970 

► Methylphenidate 

► Morphine 

► Oxycodone 


Schedule of Reinforcement 

Definition 

Describes the relationship between responding by a sub¬ 
ject and the delivery of a reward to that subject, for 
example, a reward is delivered after every ten responses. 


Schedule-Induced Polydipsia 

Synonyms 

Adjunctive behavior; Adjunctive drinking 

Definition 

Schedule-induced polydipsia is excessive drinking in¬ 
duced by a particular schedule of reinforcement. Typical¬ 
ly, the schedule involves the delivery of a food pellet at 
predictable intervals (e.g., fixed-interval 60 s). 

Cross-References 

► Operant Behavior in Animals 


Schizoaffective Disorder 

Andreas Marneros 

Martin Luther Universitat Halle-Wittenberg, Klinik und 
Poliklinik fur Psychiatrie, Psychotherapie und 
Psychosomatik, Halle, Germany 

Definition 

There is no agreement about how schizoaffective disorders 
could be defined. According to the World Health Organisa¬ 
tion (WHO) and its International Classification of Mental 
and Behavioral Disorders (► ICD-10), schizoaffective dis¬ 
orders are “episodic disorders in which both affective and 
schizophrenic symptoms are prominent but which do not 
justify a diagnosis of either schizophrenia or depressive or 
manic episodes.” The diagnostic criteria are the following: 
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G1 

The disorder meets the criteria of one of the affective 
disorders (F30, F31, F32) of moderate or severe degree, 
as specified for each category. 

G2 

Symptoms from at least one of the groups listed below 
must be clearly present for most of the time during a 
period of at least 2 weeks: 

Thought echo, thought insertion or withdrawal, 
thought broadcasting. 

Delusions of control, influence or passivity, clearly 
referred to body or limb movements or specific 
thoughts, actions or sensations. 

Hallucinatory voices giving a running commentary 
on the patient's behavior or discussing the patient 
between themselves, or other types of hallucinatory 
voices coming from some part of the body. 

Persistent delusions of other kinds that are culturally 
inappropriate and completely impossible, but not 
merely grandiose or persecutory, e. g. has visited other 
worlds; can control the clouds by breathing in and out; 
can communicate with plants or animals without 
speaking. 

Grossly irrelevant or incoherent speech, or frequent 
use of neologisms. 

Intermittent but frequent appearance of some forms 
of catatonic behavior, such as posturing, waxy 
flexibility and negativism. 

G3 

Criteria G1 and G2 above must be met within the same 
episode of the disorder, and concurrently for at least 
part of the episode. Symptoms from both G1 and G2 
must be prominent in the clinical picture. 

G4 

Most commonly used exclusion clause. The disorder is 
not attributable to organic mental disorder or to 
psychoactive substance-related intoxication, 
dependence or withdrawal. 


ICD-10 defines three different types of schizoaffective 
disorders: manic type (F25.0), depressive type (F25.1) and 
mixed type (F25.2). 

The American Psychiatric Association (APA) in the 
fourth revision of its Diagnostic and Statistical Manual 
of Mental Disorders ( ► DSM-IV ) defines the following 
diagnostic criteria for schizoaffective disorder: 


A 

An uninterrupted period of illness during which, at some 
time, there is either a Major Depressive Episode, a Manic 
Episode, or a Mixed Episode concurrent with symptoms 
that meet Criterion A for Schizophrenia. 

B 

During the same period of illness, there have been 
delusions or hallucinations for at least 2 weeks in the 
absence of prominent mood symptoms. 


C 

Symptoms that meet criteria for a mood episode are 
present for a substantial portion of the total duration of 
the active and residual periods of the illness. 

D 

The disturbance is not due to the direct physiological 
effects of a substance (e.g., a drug of abuse, a 
medication) or a general medical condition. 


DSM-IV specifies two subtypes: bipolar type, if the 
disturbance includes a manic or a mixed episode (or a 
manic or a mixed episode and major depressive episodes), 
and depressive type, if the disturbance only includes 
major depressive episodes. 

While the main problem with the ICD-10 definition 
of schizoaffective disorders is their ► longitudinal aspect, 
the problem with DSM-IV concerns both - ► cross- 
sectional and longitudinal aspects. The problem with 
the cross-sectional definition of DSM-IV concerns the 
time span indicated in criterion B (during the period of 
illness there have been ► delusions or ► hallucinations for 
at least 2 weeks in the absence of prominent mood symp¬ 
toms). Obviously, that is an attempt of DSM-IV to sepa¬ 
rate schizoaffective disorders from psychotic ► mood 
disorders. The DSM-IV definition of mood disorders is 
broad, including even those with mood incongruent 
symptoms (even ► first-rank schizophrenic symptoms). 
The chronological criterion, however, is rather arbitrary 
(2 weeks of psychotic symptoms without mood disorders is 
schizoaffective; less than 2 weeks is psychotic mood disor¬ 
der!). Yet, the beginning of a psychotic episode is hard to 
assess exactly. Every clinician knows that there is usually a 
gap of many days, weeks, or months between the beginning 
of a psychotic episode and admission to hospital. Recon¬ 
struction of the psychopathological picture, retrospectively, 
is fraught with difficulties. Given the likelihood that the 
psychotic period is underestimated, many patients who are 
really schizoaffective could be diagnosed as schizophrenic 
or as having psychotic mood disorder. 

Furthermore, the intensity of both concurrent syn¬ 
dromes (mood and schizophrenic syndromes) can vary 
enormously during an episode; hence, it seems arbitrary 
to give chronological priority to the psychotic symptoms 
over the mood component. It is strange that DSM-IV 
rejected Jasper’s hierarchical diagnostic principle, which 
suggested a diagnostic superiority of schizophrenic symp¬ 
toms over affective symptoms, but, regarding the chrono¬ 
logical criterion of the schizoaffective definition, 
obviously made an exception! 

Considering what is known so far about schizoaf¬ 
fective disorders (see overviews in Marneros and Tsuang 
1986, 1990), we suggest that the definition of 
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schizoaffective disorders should contain two components: 
a cross-sectional and a longitudinal aspect. 

The cross-sectional definition should be the definition 
of an episode; while the longitudinal definition should be 
that of a disease or disorder. The cross-sectional definition 
of a schizoaffective episode should be based on the simul¬ 
taneous occurrence of symptoms of a schizophrenic and 
a mood episode, independent of the chronological mani¬ 
festation. Thus, we agree with the definition of ICD-10, 
which yields three types of schizoaffective episodes: schi- 
zodepressive, schizomanic and mixed ones. 

The longitudinal definition of schizoaffective disorder 
should consider the sequential occurrence of mood and 
schizophrenic episodes during course. The longitudinal 
research demonstrates that the course of schizoaffective 
disorders can be very unstable because schizoaffective 
episodes, pure mood episodes, and pure schizophrenic 
episodes can each occur at different points in the patient’s 
longitudinal course. 

What are such disorders when viewed longitudinally? 
Are they considered to be mood disorders because of the 
pure mood episodes, or schizophrenic disorders because 
of some pure schizophrenic episodes, or schizoaffective 
disorders because of some schizoaffective episodes? Rele¬ 
vant to this question is the finding that there are no 
differences between patients who have only had schizoaf¬ 
fective episodes, and those in whom schizoaffective epi¬ 
sodes occur along with pure mood and schizophrenic 
episodes. There are therefore no differences between the 
“concurrent” and the “sequential” type of schizoaffective 
disorder. Patients, who change from pure mood episodes 
to pure schizophrenic episodes and vice versa, do not 
differ from patients having schizoaffective episodes. In 
this sense, Marneros et al. suggest a longitudinal defini¬ 
tion of schizoaffective disorders, including a concurrent 
and a sequential type, the “concurrent type” being char¬ 
acterized by the coincidence of schizophrenic and affec¬ 
tive episodes and the “sequential type” being characterized 
by the longitudinal change from schizophrenic to affective 
episodes and vice versa (Marneros et al. 1989). 

How essential it is to have a longitudinal definition 
of schizoaffective disorder is illustrated by the Halle 
Bipolarity Longitudinal Study (HABILOS), in which the 
investigators tried to allocate disorders with manic symp¬ 
tomatology to “pure mood disorders” or to “schizoaffec¬ 
tive disorders” according to DSM-IV, ICD-10 and the 
“empirical definition” as described above. Applying the 
ICD-10 definition, only 8.3% of the 277 patients could 
longitudinally be allocated to schizoaffective bipolar dis¬ 
order and 36.1% to affective bipolar disorder, while the 


majority of patients (55.6%) could not be allocated lon¬ 
gitudinally due to the occurrence of different types of 
episodes (schizophrenic, schizoaffective, affective) at dif¬ 
ferent times. 

Using the empirical definition with its cross-sectional 
and sequential aspects, however, all patients can be allo¬ 
cated: 36.1%, as in the ICD-10 categorization, could be 
allocated to bipolar mood disorder, and 63.9% could 
be allocated to schizoaffective disorder. 

Recent research has confirmed earlier assumptions 
that schizoaffective disorders occupy a position between 
affective and schizophrenic disorders with regard to rele¬ 
vant sociodemographic and premorbid features, as well as 
with regard to patterns of course, outcome, treatment 
response and prophylaxis (Marneros et al. 1988, 1989). 

It seems certain that schizoaffective disorders are not 
simply a type of schizophrenic disorder, although in some 
cases that are ► schizo-dominant the relationship to 
schizophrenia is quite clear. With respect to the relation¬ 
ship between schizoaffective and mood disorders, the 
similarities are more compelling than the differences 
(Marneros and Tsuang 1986, 1990). 

Role of Pharmacotherapy 

Although the clinical relevance of schizoaffective disor¬ 
ders is - inspite of controversies - meanwhile well estab¬ 
lished their treatment has received less attention in 
pharmacological studies, especially ► double blind stud¬ 
ies, than other psychotic or non-psychotic major mental 
disorders. One of the main reasons might be the problem 
of their definition and, most important for the pharma¬ 
ceutical industry, the clinical fact that schizoaffective dis¬ 
orders usually need a combined treatment with more than 
one substance, for example, with ► antipsychotics, 

► antidepressants and ► mood stabilizers. Pharmacologi¬ 
cal studies dealing with schizoaffective disorders mostly 
investigated them as a subgroup of schizophrenia and 
seldom as a subgroup of mood disorders. Pharmacologi¬ 
cal studies only on schizoaffective disorders are rare. Nev¬ 
ertheless it can be said that schizoaffective disorders are the 
domain of antipsychotics and mood stabilizers (Baethge 
2003; Jager et al. 2009; Levinson et al. 1999; McElroy et al. 
1999; Mensink and Slooff 2004). 

All antipsychotics seem to be efficient in the treatment 
of schizoaffective disorders, but some atypical antipsycho¬ 
tics like ► olanzapine, ► quetiapine, ► risperidone, or 

► ziprasidone are superior or have some advantages in 
comparison to typical ones. The heterogeneity of the 
studies and the investigated populations do not permit a 
science-based statement on the topic. The clinical 
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effectiveness of mood stabilizers like ► lithium, ► carba- 
mazepine or ► valproate was reported in some, however, 
heterogeneous studies. Clinical reality is compatible with 
such a conclusion. 

Pharmacotherapy depends from the type of schizoaf¬ 
fective disorder. The official types of schizoaffective disor¬ 
der registered in ICD-10 are: manic type, depressive type, 
mixed type, and those in DSM-IV are bipolar type and 
depressive type. Empirical work and longitudinal investi¬ 
gations considering a course of the disorder over many 
years, however, support some more subtypes: 

(a) Schizo-dominant type 

(b) ► Affective dominant type 

(c) Bipolar type 

(d) Unipolar type 

(e) Sequential type 

In the schizo-dominant type the main medication must 
be an antipsychotic one. In the affective dominant type 
mood stabilizers and antidepressants or antipsychotics are 
effective. The bipolar type is treated with antipsychotics 
combined with mood stabilizers, whereas the unipolar 
type needs to be treated with antipsychotics and antide¬ 
pressants. The sequential type is totally ignored. The 
reasons are given at the beginning of this chapter. It is 
characterized by the occurrence of schizophreniform or 
mood episodes during course. The treatment focuses on 
the treatment of the particular disorder. The longitudinal 
treatment is a prophylactic one, mainly with mood stabi¬ 
lizers and antipsychotics (McElroy et al. 1999; Mensink 
and Slooff 2004). 

Clinical studies reported also a positive effect of elec¬ 
troconvulsive treatment (Swoboda et al. 2001). Other 
treatments like augmentation with 1-thyroxine found 
only small benefit (Bauer et al. 2002). The role of psycho¬ 
logical treatment in schizoaffective disorders has not yet 
been systematically investigated. 
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Schizo-Dominant 

Definition 

Type of schizoaffective disorder dominated by schizo¬ 
phreniform symptoms. 


s 


Conclusions 

Schizoaffective disorder is a very common diagnosis in 
clinical practice, but not sufficiently investigated, especially 
with regard to treatment. 

Cross-References 

► Antidepressants 

► Antipsychotic Drugs 

► Bipolar Disorder 

► Lithium 

► Mood Stabilizers 

► Schizophrenia 
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Definition 

Schizophrenia is a severe and persistent debilitating psy¬ 
chiatric disorder consisting of disturbances in thoughts, 
cognition, mood, perceptions, and relationships with 
others. According to ► DSM-IV-TR (American Psychiat¬ 
ric Association 2000), the patient must have experienced 
at least two of the following symptoms: delusions, hallu¬ 
cinations, disorganized speech, disorganized or catatonic 
behavior, or negative symptoms. Only one symptom is 
required if the delusions are bizarre or if auditory hallu¬ 
cinations occur in which the voices comment in an ongo¬ 
ing manner on the persons behavior, or if two or more 
voices are talking with each other. The patient must expe¬ 
rience at least 1 month of symptoms during a six-month 
period, and social or occupational deterioration problems 
occur over a significant amount of time. These problems 
must not be attributable to another condition for the 
diagnosis of schizophrenia to be made. 

By contrast, schizophreniform disorder is a short-term 
type of schizophrenia with the characteristic symptoms 
(including prodromal, active, and residual phases) being 
present for at least one month but not for the full six 
months required for the diagnosis of schizophrenia. 
In contrast to schizophrenia, the onset of schizophre¬ 
niform disorder can be relatively rapid and the indivi- 
dual’s level of functioning may or may not be affected. 
According to the American Psychiatric Association, about 
two-thirds of people with schizophreniform disorder 
do not recover and are subsequently diagnosed with 
schizophrenia. 

Current Concepts and State of Knowledge 

Historical Aspects 

The clinical picture of schizophrenia was described for 
the first time by the German physician Emil Kraepelin 
who used the term “dementia praecox” to define a disor¬ 
der with early beginning, a uniformly deteriorating course 
and a poor prognosis (Kraepelin 1893). Subsequently, 
Eugen Bleuler coined the term “schizophrenia” and dis¬ 
tinguished between fundamental and accessory symptoms 
of the disease (Bleuler 1908, see Table 1). He believed that 
the fundamental symptoms were present in all patients 
and were unique to the disorder while the accessory 
symptoms could also occur in other disorders. Bleuler 
realized that the condition was not a single disease and 
referred to a whole “group of schizophrenias”. Some dec¬ 
ades later, Kurt Schneider established the differentiation 
between first- and second-rank symptoms (Schneider 
1959, see Table 2), representing a preliminary stage of 
contemporary operationalized classification systems. 


Schizophrenia. Table 1 . Fundamental and accessory 
symptoms of schizophrenia (Bleuler 1908). 


Fundamental symptoms 

Accessory symptoms 

Loosening of associations 

Hallucinations 

Disturbances of affectivity 

Delusions 

Ambivalence 

Catatonic symptoms 

Autism 

Speech abnormalities 


(e.g., mutism, neologisms) 


Schizophrenia. Table 2. First-and second-rank symptoms 
(Schneider 1959). 


First-rank symptoms 

Second-rank symptoms 

Voices heard arguing 

Other forms of 

hallucinations 

Voices heard commenting on 
one's actions 

Sudden delusional ideas 

Audible thoughts 

Perplexity 

Thought insertion 

Depressive or euphoric 
mood changes 

Thought withdrawal 

Emotional blunting 

Thought diffusion 


Delusional perception 



In 1980, Timothy Crow postulated two dimensions of 
pathology underlying schizophrenia. According to his con¬ 
cept, the type I syndrome is mainly characterized by posi¬ 
tive symptoms, potentially neuroleptic-responsive and 
reversible while the type II syndrome is mainly character¬ 
ized by negative and cognitive symptoms, sometimes pro¬ 
gressive and relatively irreversible (Crow 1980, see Table 3). 

The concepts described above have used a categorical 
approach, thereby indicating homogeneous, mutually ex¬ 
clusive subtypes of the disease. Essentially, schizophrenic 
disorders are heterogeneous and consequently, Peter 
Liddle has introduced a dimensional approach compris¬ 
ing three neuroanatomically classifiable syndrome clus¬ 
ters: psychomotor poverty, disorganization, and reality 
distortion (Liddle 1987, see Table 4). 

Psychopathology 

Disorders of Thinking and Speech 

Basically, thought processes may be disordered in form 
and content. Common ► formal thought disorders ob¬ 
served in schizophrenia patients include ► incoherent 
thinking. The patient’s thoughts are illogical and confused 
up to a defect in processing and organizing language 
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Schizophrenia. Table 3. Two-syndrome concept of schizophrenia (Crow 1980). (Reproduced with permission) 



Type 1 

Type II 

Characteristic symptoms 

Hallucinations, delusions, thought 
disorders (positive symptoms) 

Affective flattening, poverty of speech, loss of 
drive (negative symptoms) 

Type of illness in which most 
commonly seen 

Acute schizophrenia 

Chronic schizophrenia, the “defect" state 

Response to neuroleptics 

Good 

Poor 

Outcome 

Reversible 

? Irreversible 

Intellectual impairment 

Absent 

Sometimes present 

Postulated pathological 
process 

Increased dopamine receptors 

Cell loss and structural changes in the brain 


Schizophrenia. Table 4. Dimensional approach (Liddle 1987). 


Neuroanatomical dysfunction 

Left dorsolateral prefrontal cortex 

Medial temporal lobe 

Right ventrolateral prefrontal cortex 

Syndrome 

Psychomotor poverty 

Reality distortion 

Disorganization 

Symptoms 

• Poverty of speech 

• Blunted affect 

• Slowness 

• Delusions 

• Hallucinations 

• Formal thought disorder 

• Distractibility 

• Incongruous affect 


(“schizophasia”). During thought block thinking is decel¬ 
erated and stagnant, and the patient’s language is sagging 
accordingly. Thought content may be diminished as well. 
On the other hand, the term flight of ideas describes 
excursive and uncontrollable thinking, associations be¬ 
come loose and mental activity is generally accelerated. 
Furthermore, improper responding to questions , ► perse¬ 
verations, ► paralogism, ► neologisms, and ► concretism 
are commonly observed in schizophrenia patients. 

Essentially, ► content-disordered thought processes 
are equivalent to delusions. They are characterized by 
abnormal, apparently unreasonable interpretations of 
one’s own experiences and perceptions to which the 
person concerned adheres despite refutation by others 
(► Delusional disorder). According to Karl Jaspers, these 
interpretations fulfill three main criteria: certainty, incor¬ 
rigibility, and impossibility (Jaspers 1913). The most 
frequently observed delusions in schizophrenia patients 
are delusions of reference, of persecution and guilt as well 
as megalomania, nihilism, and delusions with religious 
content. 

Many patients experience prepsychotic states and pro¬ 
dromal symptoms before the first episode of schizophrenia 
is apparent. For example, this stage of the illness includes 
attenuated psychotic symptoms (APS) or brief limited in¬ 
termittent positive symptoms (BLIPS) (►Prepsychotic 
states and prodromal symptoms). 


Disorders of Affect and Mood 

Schizophrenia is characterized by abnormalities of affect, 
emotional response, and mood. In this context, the pro¬ 
found disturbance of emotional rapport perceived in an 
intuitive way by an experienced psychiatrist interacting 
with a schizophrenia patient was named “praecox feeling.” 
Due to fluctuations in attention and misinterpretation of 
stimuli, schizophrenia patients might be confused, de¬ 
pressed, and anxious. Sometimes, even situations of mini¬ 
mal novelty cause anxiety (novophobia), e.g., unfamiliar 
people, items, conversations. Common objects might 
take on undue significance and therefore scare patients. 
A further fundamental symptom of the schizophrenia- 
related affective disorder is parathymia, the inappropri¬ 
ateness of facial expression, gesture, and speech, which is 
contrary to the patient’s real experience. 

Affective flattening becomes manifest as a diminution 
of emotional response and indifference to events or topics 
that normally evoke such a response (Andreasen 1987, 
see Table 5). 

Anhedonia refers to a pervasive and refractory reduc¬ 
tion in the capacity to experience pleasure, which 
becomes apparent in reduced leisure activities or sexual 
interest. 

Ambivalence is characterized by simultaneous, con¬ 
flicting feelings toward a person or thing, e.g., love 
and hate or happiness and fear. These contradictory 
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Schizophrenia. Table 5. Symptoms of affective flattening 
(Andreasen 1987). 

Unchanging facial expression 
Decreased spontaneous movements 
Paucity of expressive gestures 
Poor eye contact 
Affective nonresponsivity 
Inappropriate affect 
Lack of vocal inflections 


impulses are usually unconscious and uninterpretable for 
other people. 

Depressive symptoms can be found in up to 50% of 
schizophrenia patients. On the other hand, some patients 
develop ► manic conditions characterized by hyperactiv¬ 
ity, a reduced ability to think critically and an overestima¬ 
tion of their own capabilities. 

Hallucinations 

► Hallucinations are conscious perceptions affecting 
the different senses in the absence of external stimuli. 

► Auditory hallucinations are perceived as noise, words, 
sentences, whisper, or voices. They are apparent in about 
70% of schizophrenia patients and mainly become mani¬ 
fest in thoughts becoming aloud as well as commenting, 
dialogic or imperative voices, respectively. ► Visual hallu¬ 
cinations occur relatively infrequently. ► Tactile halluci¬ 
nations create the sensation of tactile sensory input 
and are perceived as touch, burning, or electrifying sensa¬ 
tions. Coenesthesia is characterized by abnormal bodily 
sensations, e.g., parts of the body that are perceived as 
being changing their shape or size. ► Olfactory and gus¬ 
tatory hallucinations are quite uncommon in schizophre¬ 
nia patients but can be associated with delusions of 
poisoning. 

Disorders of the Ego 

Patients with schizophrenia experience themselves in a 
disordered manner and often believe that they are affected 
by external forces. Accordingly, the term “disorders of the 
ego” comprises various symptoms. For example, patients 
experiencing thought diffusion are convinced that other 
people know their thoughts. Other symptoms belonging 
to this category are thought withdrawal, thought insertion, 

► depersonalization, and ► derealization. 

Disorders of Psychomotor Functioning 

Many patients with schizophrenia experience psychomo¬ 
tor disturbances already at an early stage of the illness. 


Accordingly, changes in facial expressions, gestures, pos¬ 
ture, voice, and speech are often observed. Everyday 
activities have to be reconsidered (loss of automatisms), 
which is why patients appear mannered. 

Catatonic phenomena comprise disorders of move¬ 
ment, speech, and autonomic function. These motor dis¬ 
turbances consist of hyper- or hypokinesias (excitement 
and inhibition, respectively) and parakinesias (abnormal 
postures, mannerisms, grimacing, stereotypies). Catatonic 
speech disorders include perseveration, echolalia, 
mutism, et cetera. Characteristic autonomic signs are 
dilatation of pupils, seborrhea, sweating, and alterations 
in muscle tone (rigidity or hypotonia, respectively). Cata¬ 
tonic stupor and excited states represent the extreme ends 
of the spectrum. 

Cognitive Symptoms 

► Cognitive impairment is a cardinal feature of schizo¬ 
phrenia, which is found in 60-80% of patients. Generally, 
it is assumed that schizophrenia patients show deficits 
across a large number of neurocognitive domains includ¬ 
ing ► attention, ► executive functioning, memory, and 
fine motor skills. Performance has been reported to be 
two standard deviations below the mean of healthy con¬ 
trol subjects. Cognitive variables have been related to the 
heterogeneity of functional outcomes, with difficulties in 
profiting from rehabilitation programs, and with quality 
of life. Evidence suggests that cognitive deficits may be of 
equal or greater importance in predicting functional out¬ 
come as positive or negative symptoms. 

Such cognitive disturbances are present both in 
children who have a schizophrenic parent (“high risk chil¬ 
dren”) and in first-degree relatives of patients, who do not 
suffer from a schizophrenic disorder. Furthermore, these 
deficits are apparent long before the onset of psychotic 
symptoms and they endure after a psychotic episode 
when patients are in remission. Therefore, cognitive deficits 
represent a possible trait marker of schizophrenia. 

Next to neurocognitive impairment, schizophrenia 
has consistently been associated with deficits in the 
recognition, ► discrimination and experience of emo¬ 
tional stimuli. Impairments in affect perception have 
been demonstrated in chronic and first-episode patients 
and their unaffected siblings but not in high-risk indivi¬ 
duals with initial prodromes, and it has been suggested 
that the initial psychotic episode represents a critical 
point for the emergence of emotion perception deficits 
in schizophrenia spectrum illnesses. Several studies have 
shown that these deficits in emotion recognition are asso¬ 
ciated with illness-related measures such as duration of 
illness, symptomatology, symptom severity, and cognitive 
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disturbances but are not influenced by age or antipsychot¬ 
ic treatment. 

Other studies have shown significant and stable “the¬ 
ory of mind” (ToM) impairments in patients with schizo¬ 
phrenia. ToM refers to the ability to perceive other 
people’s opinions, beliefs, and intents, and to establish a 
connection between these mental states and a persons 
behavior. These deficits are probably independent 
of neurocognitive dysfunctions and they might contribute 
to social and behavioral deviations in schizophrenia 
patients. 


poverty of quantity or content of speech, poor nonver¬ 
bal communication by facial expression, eye contact, 
voice modulation, posture, poor self-care, and social 
performance. 

► Simple schizophrenia represents an uncommon 
disorder characterized by a slowly progressive develop¬ 
ment of negative symptoms without any history of hallu¬ 
cinations, delusions, or other manifestations of an earlier 
psychotic episode, and with significant changes in person¬ 
al behavior, manifest as a marked loss of interest, idleness, 
and social withdrawal. 


Subtypes 

Depending on the combination of symptoms, different 
subtypes of schizophrenia have been defined: 

► Paranoid schizophrenia is characterized by relative¬ 
ly stable, often paranoid delusions, usually accompanied 
by (auditory) hallucinations and perceptual disturbances. 
Disturbances of affect, volition and speech, and catatonic 
symptoms are not prominent. 

Hebephrenic schizophrenia is dominated by affec¬ 
tive changes with shallow and inappropriate moods. 
Thought is disorganized leading to incoherent and ram¬ 
bling speech, whereas delusions and hallucinations are 
fragmentary if present at all. 

Catatonic schizophrenia is mainly determined by psy¬ 
chomotor disturbances with alterations between extremes 
such as hyperkinesias and stupor. 

Undifferentiated schizophrenia meets the diagnostic 
criteria for schizophrenia but does not conform to any of 
the above subtypes or exhibits the features of more than 
one of them without a clear predominance of a particular 
set of diagnostic characteristics. 

The diagnosis of ► post-schizophrenic depression 
( ► Postpsychotic depressive disorder of schizophrenia) 
should be made if the patient has had a schizophrenic 
illness meeting the general criteria for schizophrenia with¬ 
in the past twelve months and some schizophrenic symp¬ 
toms are still present. Depressive symptoms must be 
prominent and distressing, fulfilling at least the criteria 
for a depressive episode, and have been present for at least 
2 weeks. 

The term “residual schizophrenia” describes a chronic 
stage in the development of a schizophrenic disorder 
in which there has been a clear progression from an 
early stage (comprising one or more episodes with psy¬ 
chotic symptoms meeting the general criteria for schizo¬ 
phrenia described above) to a later stage characterized 
by long term, though not necessarily irreversible, nega¬ 
tive symptoms, i.e., psychomotor slowing, underactiv¬ 
ity, blunting of affect, passivity and lack of initiative, 


Epidemiology, Risk Factors, and Course of Symptoms 

The incidence of schizophrenia in industrialized countries 
ranges from 10-70 new cases/100,000, whereas prevalence 
rates range from 1.6 to 12.1/1,000. The lifetime risk is 
0.5-1%. Both “social drift” and environmental risk fac¬ 
tors (e.g., drug abuse, migration) might account for an 
increased prevalence in the lower socioeconomic classes. 

Epidemiological studies have shown gender differ¬ 
ences in the age of onset of schizophrenia. The peak age 
of onset is 10-28 years for men and 26-32 years for 
women. However, there is a second peak of onsets in 
women after the menopause, resulting in an equal lifetime 
incidence for both genders. Affected men make contact 
with the psychiatric services at an average of five years 
earlier than women do. 

Both twin and adoption studies indicate genetic effects 
in the liability to schizophrenia. Although the mode of 
transmission has not been clarified, several studies corrob¬ 
orate the so-called multifactorial polygenic model that 
involves an interaction between many contributing genes 
and environmental factors (obstetric complications, pre¬ 
natal infection, neurodevelopmental abnormality, sub¬ 
stance misuse, social and psychological factors). 

Approximately 20% of patients with schizophrenia 
improve without relapse and 40% achieve a clinically 
stable residual state and are socially integrated, whereas 
approximately one-third of patients suffer from continu¬ 
ous psychotic symptoms and/or increasing social disabili¬ 
ty. Factors affecting prognosis are listed in Table 6. 

Treatment Considerations 

The discovery of ► chlorpromazine in the early 1950s 
introduced an era of effective pharmacological treatment 
for schizophrenia. Today, antipsychotics of different 
chemical structures, ranging from tricyclic ► phenothia- 
zines to thioxanthenes, ► butyrophenones, dibenzaze- 
pines, substituted benzamides, benzioxazole derivatives, 
and chinolones are considered to form the backbone 
of treatment (►Antipsychotic drugs, ►First-generation 
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Schizophrenia. Table 6. Factors affecting prognosis. 


Favorable prognosis 

Unfavorable prognosis 

Acute onset of illness 

Insidious onset of illness 

Positive symptoms 

Negative symptoms 

Lack of family history of 
schizophrenia 

Family history of 
schizophrenia 

Inconspicuous premorbid 
personality 

Poor premorbid 
personality 

Average IQ 

Low IQ 

High social class 

Low social class 

Social integration 

Social isolation 

Lack of comorbidities 

Comorbid drug abuse 

Female sex 

Male sex 

Being married 

Single marital status 


antipsychotics, ► Second-and third-generation antipsy- 
chotics, ► Future of antipsychotic medication). They 
shorten the length of an acute episode of the illness and 
reduce the risk of relapse. Clearly, modern concepts of 
schizophrenia management include psychosocial and 
rehabilitative measures, and pharmacotherapy should al¬ 
ways be embedded in integrative treatment procedures. 

Essentially, the prognosis of schizophrenia depends on 
when pharmacological treatment is started and on the 
number of psychotic episodes. Two-thirds of patients 
experiencing a first episode of the illness experience symp¬ 
tomatic remission within half a year if antipsychotic treat¬ 
ment is started immediately. In addition, consistent 
prophylaxis with antipsychotic medication results in a 
reduction of the one-year relapse rate from 75 to 20%. 
Since less than 50% of patients with schizophrenia in 
long-term treatment take their medication according to 
the physicians recommendations, interventions to en¬ 
hance compliance should be implemented at the begin¬ 
ning of treatment (Fleischhacker et al. 2007). 

The parenteral administration of rapid-acting anti¬ 
psychotics should be confined to emergencies, where 
acute agitation and lack of insight lead to a high risk of 
patients harming themselves or others. In contrast, the 
administration of long acting depot antipsychotics is an 
important treatment option for the long-term manage¬ 
ment. The advantages of these injectable drugs include 
dose reduction due to avoidance of the first-pass-effect, 
the fact that patients do not need to take medication every 
day, and the facilitation of management due to certainty 
concerning compliance. The disadvantages of this type 
of treatment include the fact that some patients refuse 


intramuscular injections or develop irritations at the in¬ 
jection site. Another problem is that the dose of a depot 
antipsychotic cannot be reduced once administered. 

Despite continuous new findings in the field of psy¬ 
chopharmacology, there are no reliable predictors for 
individual drug response/tolerability. Therefore, the 
choice of medication depends on an individual risk- 
benefit analysis. In patients who do not adequately re¬ 
spond to two antipsychotic drugs of different chemical 
classes, switching to ► clozapine is indicated. This com¬ 
pound has been shown to have unique efficacy in so far as 
it reduces symptoms in 30-60% of treatment refractory 
schizophrenia patients (Fleischhacker 1999) (►Antipsy¬ 
chotic drugs). However, although pharmacological agents 
have substantially advanced the treatment of schizophre¬ 
nia and have had a significant impact on the lives of 
patients in terms of relapse prevention, ► quality of life, 
and resocialization there are still considerable unmet 
needs in the management of these patients. 

Cross-References 

► Antipsychotic Drugs 

► Delusional Disorder 

► First-Generation Antipsychotics 

► Future of Antipsychotic Medication 

► Hallucinations 

► Postpsychotic Depressive Disorder of Schizophrenia 

► Prepsychotic States and Prodromal Symptoms 

► Second-and Third-Generation Antipsychotics 
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Definition 

Animal models for schizophrenia refer to animal prepara¬ 
tions which attempt to mimic aspects of the human disor¬ 
der, schizophrenia. In general, these animal models are 
subdivided into screening models, in which the therapeutic 
effects are modelled, and simulation models, in which the 
emphasis is on the symptoms of schizophrenia. 

Current Concepts and State of Knowledge 

Screening Models 

In screening models, sometimes referred to as animal 
models for antipsychotic action, the focus is on the phar¬ 
macology of schizophrenia (Arnt 2000). The principal 
aim is to predict the therapeutic effects of novel drugs, 
based on the efficacy of antipsychotic drugs that have 
already been in clinical use. Such clinically successful 
drugs are often referred to as “gold standard.” The devel¬ 
opment of a screening model therefore starts with the 
identification of an appropriate gold standard. In the 


early years, this gold standard was usually ► chlorproma- 
zine or ► haloperidol. In more recent years, screening 
models often use two gold standards, a so-called classical 
(most often haloperidol) and an atypical antipsychotic 
drug (most often ► clozapine). The rationale behind this 
approach is that many clinical studies have shown differ¬ 
ences between these two (classes of) antipsychotic drugs. 
Most notably, while classical antipsychotic drugs induce 
severe neurological (so-called extrapyramidal) side effects, 
► atypical antipsychotic drugs do not, or to a much lesser 
extent. Having two gold standards might help identify 
which aspects of the screening models are more related 
to the therapeutic efficacy of antipsychotic drugs (i.e., 
those aspects in which both gold standards show similar 
effects) and those that are more related to the side effects 
(i.e., those aspects that are induced by the classical but not 
by the atypical gold standard). 

After having selected the appropriate gold standard 
(or standards) the drug is given to an animal, usually a rat 
or a mouse. In many cases this is a normal, naive, and 
untreated animal, but in some cases the animal is trained 
before hand (such as in the conditioned avoidance re¬ 
sponse) or treated with a specific drug (such as a dopa¬ 
mine agonist or a glutamate antagonist) to induce a 
specific behavioral response. Table 1 lists the most often 
used screening models for schizophrenia. 

The effects of the gold standard are then evaluated in 
this behavioral setup and if a clear reproducible response 


Schizophrenia: Animal Models. Table 1. A summary of the most important screening models for schizophrenia and their 
validation on the basis of the criteria discussed in the text. 



+ indicates that there is convincing evidence that the criterion is fulfilled; — indicates that there is convincing evidence that the criterion is not 
fulfilled; ± indicates that contradictory evidence exists in the literature regarding this criterion; 0 indicates that there is not enough literature to 
assess this criterion 
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is obtained, the model can go into the next and most 
important phase of model development: the validation 
phase. In this most crucial phase of the model develop¬ 
ment, the validity of the model is established on the basis 
of clinical evidence. ► Antipsychotic drugs have been in 
clinical practice since the 1950s and therefore a vast 
knowledge about their clinical effects now exists. From 
this knowledge base, several criteria can be formulated 
that can be used to validate a screening model (Ellenbroek 
1993). The two most obvious criteria are the absence of 
► false negatives and ► false positives. False negatives are 
drugs that in the model do not resemble the gold standard 
but in clinical practice are effective antipsychotic drugs. 
False positives, on the other hand, are drugs that act like 
the gold standard in the model, but in clinical practice are 
not effective. Especially this criterion is difficult to test, 
since there are thousands of compounds available most of 
which have not been extensively tested in patients. More¬ 
over, it was common practice that many pharmaceutical 
companies did not publish negative results from phase II or 
phase III studies, and in several instances contradictory 
data have been published. The evaluation of this criterion 
is therefore usually based on a selection based on similarity 
in chemical structure or drugs with a known influence on 
motor activity (such as ► diazepam or ► morphine), since 
such drugs can interfere with behavioral performance in 
general. Another general criterion is that there should be a 
correlation between the potency of the antipsychotic 
drugs in the clinic and in the model. Finally, several 
other criteria can be specifically deduced from the clinical 
literature on antipsychotic drugs. One of the most inter¬ 
esting criteria is the lack of effect of anticholinergic drugs. 
The rationale behind this criterion is that while anticho¬ 
linergic drugs do not influence the therapeutic effect of 
antipsychotic drugs, they do diminish the extrapyramidal 
side effects. Thus, anticholinergic drugs can be useful to 
distinguish between parameters modelling the therapeutic 
and the unwanted side effects. The same holds true for 
chronic treatment with antipsychotic drugs. It is well 
known that the therapeutic effect usually increases with 
prolonged treatment, whereas the ► extrapyramidal side 
effects usually wane with repeated administration. Table 1 
tries to summarize the vast literature on the validation 
of the screening models for schizophrenia (Ellenbroek 
1993). 

Once the validation phase has (satisfactorily) finished, 
the model goes into the final stage in which novel com¬ 
pounds can be evaluated and compared to the gold stan¬ 
dard^). Once a promising new drug candidate has been 
identified (that also shows a good ► pharmacokinetic and 
safety profile) it can then be tested in clinical trials. 


Although most of the currently available treatments 
for schizophrenia have been developed using screening 
models, they have received much less attention in recent 
years. The principal reason for this is that such screening 
models, how predictive they may be, will always produce 
drugs similar to the gold standard (often referred to as a 
“me too” approach). Indeed, this probably explains why 
there are so few differences between the currently available 
drugs. However, in spite of this disadvantage, screening 
models are still being used because they are usually quick 
and easy, but also because they can help us to understand 
the mechanism of action of antipsychotic drugs and espe¬ 
cially the differences between classical and atypical anti¬ 
psychotic drugs. 

Simulation Models 

Since screening models will unlikely lead to a major 
breakthrough in the treatment of schizophrenia, attention 
has in recent years shifted more and more to simulation 
models. This shift was aided by the increasing clinical 
knowledge of the disease. In simulation models, one 
tries to mimic as many aspects of a disease as possible. 
In its simplest form, this requires two steps: (1) the 
induction of the disease and (2) the measurement of the 
symptoms. Unfortunately, both steps have proven to be 
very difficult in the case of schizophrenia. With respect to 
the symptoms, most of the cardinal symptoms (especially 
the so-called positive symptoms such as ► hallucinations 
and ► delusions) in humans can only be assessed in a 
psychiatric interview. Since such symptoms can not be 
modelled in animals, researchers have resorted to negative 
symptoms (such as anhedonia and social withdrawal) and 
symptoms within the cognitive domain (such as ► atten¬ 
tion and ► (working) memory). In addition, much 
attention has recently been paid to so-called ► endophe- 
notypes and potential biomarkers for schizophrenia. It is 
beyond the scope of this chapter to discuss all the aspects 
of endophenotypes, but in general, they are physiological 
or psychological phenomena that have a genetic basis and 
are associated with the specific disease. The idea behind 
such endophenotypes is that they may be more related to 
specific brain structures and neurotransmitter functions 
than the symptoms of the disease. Moreover, they are 
usually easier to model in animals. In the case of schizo¬ 
phrenia, several endophenotypes have been proposed, 
such as smooth eye pursuit movement, P 50 sensory gating 
and ► prepulse inhibition. Especially the latter two can 
also quite easily be assessed in animals. Biomarkers are 
also increasingly considered to be of great value for dis¬ 
eases, although the traditional peripheral (for instance 
blood or urine) analyses may not be very relevant for 
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central nervous system disorder such as schizophrenia. 
However, with the advent of modern functional imaging 
new possibilities have occurred. For instance, using 
► PET and ► SPECT scan analyses, it has been shown 
that psychotic patients have an increased basal as well as 
amphetamine-enhanced dopamine release in the basal 
ganglia. Using ► microdialysis techniques such changes 
in dopamine release can also be measured in freely 
moving animals. Thus, although the cardinal symptoms 
of schizophrenia seem to be beyond modelling in animals, 
other symptoms, biomarkers, and endophenotypes can be 
assessed in humans and animals often with more or less 
identical techniques and offer the possibility to assess vital 
aspects of schizophrenia in rats and mice. 

However, even though we can measure social behav¬ 
ior, prepulse inhibition, dopamine release and other phe¬ 
nomena, the crucial step in animal modelling is to induce 
a disturbance in these phenomena that resemble the 
disturbance in the disease. There are several different 
approaches to achieve this and those approaches will be 
discussed in the following sections. 

Spontaneous Models 

One way of identifying a potentially interesting model is 
to compare different strains of rats or mice, to see whether 
certain strains have deficits in specific signs or symptoms 
of a disease. In the case of schizophrenia for instance, 
Brown Norway and Brattleboro rats show deficits in pre¬ 
pulse inhibition compared to Sprague Dawley and Lewis 
rats respectively. Interestingly, these animals also show 
other abnormalities related to schizophrenia and have 
thus been suggested to represent “spontaneous models” 
for schizophrenia. 

An alternative to investigating different strains of 
animals is to investigate individual animals within one 
strain to identify extremes within a normal population. 
Once such individuals have been identified, the next step 
is usually to try to breed these extremes selectively in 
order to establish a colony of high and low responders 
to a specific situation. For instance, there have been 
several approaches to selectively breed animals with a 
poor performance in the prepulse inhibition. Many years 
ago, we started to select Wistar rats on the basis of 
their gnawing response to ► apomorphine. After only a 
few generations, there was an almost complete separation 
in susceptible (APO-SUS) and unsusceptible (APO- 
UNSUS) animals. Further experiments showed that the 
APO-SUS animals shared a large number of symptoms 
with schizophrenic patients (such as enhanced sensitivity 
to ► stress, enhanced dopamine release, reduced prepulse 
inhibition, etc.). 


Thus, the spontaneous approach has led to several 
potentially interesting models. However, very few have 
been investigated in detail (for instance with respect to 
their validity) and the lack of a clear link (even if it is only 
theoretical) to the etiology of schizophrenia has limited 
the widespread use of them. In this respect, it is important 
to emphasize that none of the symptoms of schizophrenia 
are pathognomic, and that deficits in prepulse inhibition, 
for instance, occur in many diseases. Thus an animal with 
a deficit in prepulse inhibition does not immediately 
constitute an animal model for schizophrenia. 

Pharmacological Models 

It has long been known that certain drugs can induce 
symptoms resembling those seen in psychiatric or neuro¬ 
logical disorders. Thus, ► antipsychotic drugs can induce 
a parkinsonian like ► rigidity and ► akinesia, and ► re- 
serpine can induce depressive-like symptoms. Likewise, 
dopamine agonists such as ► amphetamine and NMDA 
antagonists such as ► phencyclidine can induce schizo- 
phrenia-like symptoms. Whereas amphetamine induces 
predominantly (positive) psychotic symptoms (though 
it can induce negative or cognitive deficits too), phency¬ 
clidine seems to be able to induce the full spectrum of 
schizophrenia. Such pharmacological tools have very often 
been used in animal modelling as well, and both drugs 
induce a large number of schizophrenia-like abnormalities 
in animals. Hence, amphetamine increases dopamine re¬ 
lease, reduces prepulse inhibition, P 50 gating and social 
behavior (especially in monkeys). Phencyclidine induces 
virtually the same symptoms as amphetamine, but several 
pharmacological studies have shown that this model is 
mediated via different mechanisms. For instance, all 
known antipsychotic drugs can reverse the amphet¬ 
amine-induced deficits in prepulse inhibition, whereas 
most of these drugs do not reverse the phencyclidine- 
induced prepulse inhibition (Geyer et al. 2001). A more 
fundamental problem with these pharmacological models 
is that they induce only very short-lived symptoms, and 
the validity for the schizophrenic process (which is a 
chronic process probably already starting before birth, 
see below) is questionable. Indeed models such as the 
amphetamine or phencyclidine-induced deficit in pre¬ 
pulse inhibition are now often regarded more as screening 
models (similar to amphetamine-induced hyperactivity) 
than as simulation models (see also Table 1). 

Etiological Models 

The most interesting class of simulation models are those 
in which one tries to mimic the etiology of schizophrenia. 
Unfortunately, schizophrenia is a highly complex disorder 
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with a multifactorial etiology, in which genetic and envi¬ 
ronmental factors interact. Moreover, the nature of most 
of the genetic and environmental factors is still largely 
unknown. Fortunately, clinical genetic research is increas¬ 
ing rapidly and there is now more and more evidence for 
certain candidate genes associated with schizophrenia. It 
would go beyond the limits of this chapter to discuss the 
evidence in favor of each of these genes but the most often 
associated ones are DISC-1 (disrupted in schizophrenia- 
1), dystrobrevin, neuregulin-land regulator of G-protein 
signalling-4 (Harrison and Weinberger 2005). Although 
such association studies have led to the development of 
specific transgenic mice, it should be noted that in differ¬ 
ent studies, different ► polymorphisms have been linked 
to schizophrenia and the functional consequence of these 
polymorphisms is in most cases still unknown, leading to 
intriguing results. For instance, whereas the heterozygous 
neuregulin knock-out mouse shows a reduction in pre¬ 
pulse inhibition, patients with the schizophrenia asso¬ 
ciated neuregulin ► haplotype seem to have increased 
mRNA and protein levels of neuregulin. 

The search for specific environmental factors asso¬ 
ciated with schizophrenia is even more complicated than 
the search for genetic factors, since they often predate the 
onset of the disease by many years (if not decades) and are 
often only indirectly measurable, as an association be¬ 
tween a specific event and the occurrence of the disease. 
For instance, several studies have reported that exposure 
to the 1958 influenza pandemic increased the risk of the 
schizophrenia in the offspring. However, whether this was 
due to the influenza virus, the medication, the stress of the 
situation, or other factors is impossible to deduce. None¬ 
theless, there is quite a large group of environmental 
factors that can increase the risk of developing schizo¬ 
phrenia. These include winter birth, migration, prenatal 
malnutrition, pre- and postnatal stressors, perinatal infec¬ 
tion, and obstetric complications (Tandon et al. 2008). 
Some of these factors have also been modelled in animals, 
such as prenatal stress, prenatal protein restriction, 
Caesarean section, ► maternal deprivation, and ► isola¬ 
tion rearing (Carpenter and Koenig 2008). Although few 
of these models have been investigated in great detail, yet 
some of these manipulations seem to induce quite a 
variety of the schizophrenia-like signs and symptoms 
(see Table 2). 

In addition to these etiologically based simulation 
models there are a few additional environmental models 
where one can argue whether they are really etiologically 
based, especially the ► early ventral hippocampal lesion 
model and the ► prenatal MAM model. Both models 
certainly aim to induce a neurodevelopmental disorder, 


but there is no evidence that patients with schizophrenia 
have an early hippocampal lesion nor that neurogenesis 
was blocked for some time during gestation. Nonetheless, 
both treatments induce a variety of schizophrenia like 
signs and symptoms. 

The inspection of Table 2 shows several interesting 
points. Firstly, in contrast to clinical studies, much less 
data are available for the genetic models than for the 
environmental models. Secondly, of the signs and symp¬ 
toms, most interest has focussed on prepulse inhibition, 
presumably because of the ease of measurement and the 
similarity to the clinical situation. In contrast, P 50 gating 
and anhedonia have received much less attention. 

Validation of Simulation Models 

As with screening models, simulation models also have to 
be validated. Although this is often done using the same 
criteria used for screening models, it is important to note 
that there is much less clinical evidence that these criteria 
can be applied. For instance, most of the signs and symp¬ 
toms in Table 2, including memory, social withdrawal, and 
anhedonia are related to the cognitive and negative symp¬ 
toms of schizophrenia, i.e., domains that generally do not 
respond to antipsychotic drugs. Even with respect to pre¬ 
pulse inhibition, there is insufficient evidence from longi¬ 
tudinal studies whether (some or all) antipsychotic drugs 
improve this information-processing deficit. Thus, with a 
lack of clinical data on these signs and symptoms, the 
validity of simulation models is difficult to assess. 

Gene - Environment Models 

The models described earlier and in Table 2 are based on 
either genetic or environmental factors. However, there is 
a vast amount of evidence that schizophrenia results from 
an interaction between genetic and nongenetic factors 
(Van Os et al. 2008). So far, this interaction has received 
little attention in animal modelling. Some of the environ¬ 
mental manipulations have been performed in different 
strains of rats, such as early hippocampal lesions, isolation 
rearing, and maternal deprivation, but extensive gene - 
environment interactions still need to be performed. 
Nonetheless, some interesting findings have already been 
reported. Thus, compared to Sprague Dawley or Wistar 
rats, Lewis rats seem to be much less sensitive to early 
hippocampal lesioning, isolation rearing, and maternal 
deprivation (Ellenbroek and Cools 2000; Lipska and 
Weinberger 1995; Varty and Geyer 1998). This finding 
suggests that the genetic make-up of the Lewis rats may 
somehow be protective to these different manipulations. 
It would be of great interest to try to identify the underly¬ 
ing protective mechanism. 



Schizophrenia: Animal Models 


1185 


Schizophrenia: Animal Models. Table 2. An overview of the most widely used etiologically based simulation models for 
schizophrenia. 



+ the sign or symptoms is observed in the animal model; — the sign or symptoms is not observed in the animal model; ± there is contradictory 
evidence whether the sign or symptoms is observed in the animal model; 0 the sign or symptom has not been investigated in the animal model 
PPI prepulse inhibition; DISC disruption in schizophrenic; DTNBP1 dystrobrevin binding protein 1; MAM methylazoxymethanol 


Summary 

Schizophrenia is a severe psychiatric disorder with 
an unknown etiology and complex symptomatology. 
This has severely hindered the development of appropri¬ 
ate animal models. In the past, most therapeutic agents 
were developed using so-called screening models, in 
which novel compounds were compared to known thera¬ 
peutic agents. Although these models are still in use now¬ 
adays, it is highly unlikely that they will lead to a major 
breakthrough in therapy. With the identification of spe¬ 
cific signs and symptoms, including biomarkers and 
endophenotypes that could also be assessed in animals, 
the field of animal modelling obtained the boost it 
needed. Moreover, genetic and epidemiological studies 
have started to identify specific genes and environmental 
factors that contribute to the disorder. This has led to a 
wealth of novel simulation models in the last decade, most 
of which are still in a very early exploratory phase and 
have not yet been properly validated. The most important 
challenge for the coming years will be to merge the two 
types of etiologically based simulation models in order to 


investigate the gene - environmental interaction, which is 

crucial for the occurrence of schizophrenia. 

Cross-References 

► Animal Models for Psychiatric States 

► Antipsychotic Drugs 

► Future of Antipsychotic Medication 

► Genetically Modified Animals 

► Latent Inhibition 

► Prepulse Inhibition 

► Rodent Models of Cognition 

► Schizophrenia 
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Schizophrenia Prodrome 

Definition 

Subthreshold psychotic symptoms that emerge prior to 
meeting full criteria for schizophrenia (or before relapse 
after remission of symptomatology). 

Cross-References 

► Pre-psychotic States and Prodromal Symptoms 

► Schizophrenia 


Scopolamine 

Synonyms 

Hyoscine; Levo-duboisine 

Definition 

A tropane alkaloid drug that acts as an antagonist at the 

► muscarinic subtype of acetylcholine receptor. It is 
named after the plant genus Scopolia. It acts as a nonse- 
lective competitive antagonist. In addition to its use in 
experiments as a disruptor of cognitive functioning, its 
main medical uses are in the treatment of nausea and 
motion sickness, intestinal cramping, as an antiemetic, 
and for ophthalmic purposes to induce pupil dilation 
and paralysis of the eye-focusing muscles. 

Cross-References 

► Animal Models of Psychiatric States 

► Muscarinic Agonists and Antagonists 


Screening Models 

Synonyms 

Animal model with predictive validity 

Definition 

An animal model focused on drug development. The 
principle aim is to predict the therapeutic effects of un¬ 
known drugs, based on their comparison, in animals, with 
drugs with a proved therapeutic efficacy. 

Cross-References 

► Abuse Liability Evaluation 

► ADHD: Animal Models 

► Anxiety: Animal Models 

► Autism: Animal Models 

► Dementias: Animal Models 

► Depression: Animal Models 

► Eating Disorder: Animal Models 

► Predictive Validity 

► Schizophrenia: Animal Models 


SDLP 

Definition 

Standard deviation of lateral position. 


Secobarbital 

Synonyms 

Secobarbitone 

Definition 

Secobarbital is an intermediate- to short-acting (half-life 
15^0 h) barbiturate drug that is used primarily as a hyp¬ 
notic agent to treat insomnia. It is also used as a premedica¬ 
tion before surgery and for the emergency management of 
seizures. Secobarbital is an agonist at ► GABA a receptors 
thereby increasing inhibitory ► GABAergic transmission 
in the CNS. It binds to a distinct site upon the GABA a 
receptor ion channel complex increasing the duration of 
time for which the Cl - channel is open. Secobarbital, like 
other barbiturate drugs, has a narrow therapeutic win¬ 
dow, that is, a small difference between the minimum 
effective dose for sedation and maximum tolerated dose 
producing coma and death. Long-term use of this drug is 
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contraindicated because of its ability to produce tolerance 
and dependence, and abrupt withdrawal from chronic 
treatment precipitates a life-threatening withdrawal syn¬ 
drome. It is used illicitly for the purposes of getting high, 
to reduce anxiety, to counteract the effects of stimulant 
drugs, for example, cocaine, ecstasy, and in suicide. 

Cross-References 

► Barbiturates 

► Hypnotics 

► Withdrawal Syndromes 


Secobarbitone 

► Secobarbital 


Second and Third Generation 
Antipsychotics 

Gary Remington 

Centre for Addiction and Mental Health, Department of 
Psychiatry, University of Toronto, ON, Canada 

Synonyms 

Atypical antipsychotics; Novel antipsychotics 

Definition 

This class of antipsychotics, with clozapine as the proto¬ 
type, are distinguishable from their first generation coun¬ 
terparts by a lower liability for ► extrapyramidal 
symptoms (EPS) and claims of improved efficacy that 
extend to other domains beyond psychosis (e.g., cogni¬ 
tion, negative symptoms). These drugs have been desig¬ 
nated “atypical” when compared to the older “typical” or 
conventional antipsychotics like ► chlorpromazine, 
► haloperidol, ► perphenazine and ► fluphenazine. 

The distinction between second and third generation 
antipsychotics has been made based on mechanistic dif¬ 
ferences. Specifically, aripirpazole is the first approved 
antipsychotic that is a partial ► dopamine agonist and, 
as such, has been designated a ► third generation antipsy¬ 
chotic. This presumes that all other atypical compounds 
to this point, including clozapine, share some common 
attribute (s) pharmacologically that account for their 
unique clinical profile. However, beyond dopamine D 2 
antagonism, which characterizes all antipsychotics includ¬ 
ing ► aripiprazole, this is not the case. For example, the 


► serotonin 5-HT 2 /dopamine D 2 model does not ade¬ 
quately represent all of these compounds (see Atypicality: 
Mechanisms of Action, below). Thus, as a partial dopamine 
agonist aripiprazole is unique amongst the atypical anti¬ 
psychotics but the distinction between second and third 
generation agents may misrepresent the homogeneity of 
all other atypicals. 

Pharmacological Properties 

First Generation Antipsychotics and Limitations 

Antipsychotics were introduced for clinical use in the 
1950s. At the time, descriptive terminology included 
“►major tranquilizers” (because of their sedating/ 
calming effect) and “ ► neuroleptics,” literally meaning 
“to take the neuron” and reflective of their liability for 
motor side effects (i.e., EPS). They rapidly became the 
treatment of choice for psychotic conditions such as 
schizophrenia although it was initially unclear as to what 
aspect of their diverse pharmacology accounted for this 
effect. Within the next years, it was established that dopa¬ 
mine D 2 binding seemed critical to the antipsychotic 
effect and this generated an additional subgroup of these 
drugs characterized by high affinity for the dopamine D 2 
receptor, drawing a distinction between low-potency (e.g., 
chlorpromazine) and high-potency (e.g., haloperidol) 
neuroleptics. A liability for EPS, both acute (e.g., parkin¬ 
sonism) and chronic (e.g. ► tardive dyskinesia or TD) 
characterized all these drugs and represented a substantial 
burden to their use in the clinical setting. 

Clozapine 

Clozapine, developed in the 1960s, was notable for its 
antipsychotic efficacy in the face of minimal EPS at thera¬ 
peutic doses. It was introduced for clinical use in the early 
1970s but soon withdrawn in a number of countries 
because of a cluster of deaths, subsequently linked to its 
associated risk of agranulocytosis. Work in the late 1980s, 
though, underscored this drug’s superiority in ► treat¬ 
ment resistant schizophrenia and suggested it might also 
have broader efficacy (i.e., negative as well as positive 
symptom improvement). By the 1990s it was reintroduced 
in different countries with the associated requirement of 
regular hematologic monitoring. 

Atypicality 

Atypicality has been defined as lack of EPS at therapeutic 
doses (Meltzer et al. 2003). At the time of clozapine’s 
development, it was unique amongst existing antipsy¬ 
chotics in this regard, establishing it as the prototype of 
atypicality. Over time, a new class of antipsychotics 
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(second generation) was developed to mirror clozapine’s 
clinical benefits while circumventing its adverse side 
effects, in particular risk of agranulocytosis. In this pro¬ 
cess, it was assumed that these drugs would also mirror 
clozapine in other regards (e.g., greater efficacy in treat¬ 
ment resistant schizophrenia, improvement in negative 
as well as positive symptoms). With a new class of anti¬ 
psychotic available, the previous medications came to 
be designated “first generation” (vs. second generation), 
“typical” (vs. atypical) or “conventional” (vs. novel). 

Atypicality: Mechanisms of Action 

Several aspects of clozapine’s diverse pharmacology were 
highlighted as possibly contributing to its unique clinical 
profile. These included its low binding affinity for the 
dopamine D 2 receptor in addition to comparatively high 
binding at the serotonin 5-HT 2 receptor. An elegant body 
of pre-clinical work led Meltzer et al. to postulate that 
the profile of greater serotonin 5-HT 2 versus dopamine 
D 2 binding accounted for clozapine’s atypical features 
(Meltzer et al. 2003), a model that was rapidly embraced 
in drug development and one that describes most second 
generation antipsychotics including ► olanzapine, ► pali- 
perdione, ► quetiapine, ► risperidone, ► sertindole, 

► ziprasidone and ► zotepine. Critical to this model is 
the ratio of serotonin 5-HT 2 versus dopamine D 2 binding; 
earlier antipsychotics demonstrated combined serotonin 
5-HT 2 /dopamine D 2 antagonism but did not meet this 
identified ratio and were not seen as unique clinically. 

Clozapine’s low affinity for the dopamine D 2 receptor 
also called into question the longstanding argument that 
dopamine D 2 antagonism is absolutely critical for anti¬ 
psychotic efficacy. This encouraged efforts to look at non- 
dopaminergic strategies and, following the importance 
this model ascribed to serotonin, led to work investigating 
the notion that serotonin 5-HT 2 antagonism alone might 
be sufficient (e.g., ritanserin, MDL-100907, fanaserin). 
While this was not substantiated, there continues to be 
interest in the pursuit of antipsychotic development that 
is not hinged on dopamine blockade. 

Although the serotonin 5-HT 2 /dopamine D 2 model 
was widely embraced, there was reason to pursue other 
explanatory models. In countries outside of North America, 

► amisulpride and ► sulpiride (substituted benzamides) 
are accessible clinically and seen as atypical; however, their 
pharmacological profile precludes an explanation based 
on serotonin 5-HT 2 /dopamine D 2 antagonism. At least 
two other models have since been posited to account for 
the atypical features of newer antipsychotics. The “low 
affinity-fast dissociation” model (Kapur and Seeman 
2001) holds that clinical benefits such as decreased EPS, 


lack of prolactin elevation, and possible improvement in 
cognitive and negative symptoms may occur as a result of 
transient binding at the dopamine D 2 receptor, which 
mitigates against impairment of phasic dopamine release. 
Thus, while all drugs depress tonic dopamine release, 
those with more rapid dissociation (i.e., fast K off drugs) 
are less likely to alter phasic dopamine release, essential 
for dopamine to exert its physiologic effects in the course 
of daily activities. There is, for example, abundant evi¬ 
dence linking dopamine to reward and goal-directed 
behaviors, as well as cognition (Berridge 2007). This line 
of thinking suggests there may be clinical gains through 
what these drugs don t do (i.e., sustained dopamine block¬ 
ade) rather than by unique gains attributable to some 
other aspect of their rich receptor-binding profiles (e.g., 
concomitant serotonin 5-HT 2 binding). 

A second hypothesis ascribes the clinical gains asso¬ 
ciated with atypicality to limbic selectivity (Bischoff 1992) 
and support for this comes from several lines of investiga¬ 
tion (Remington and Kapur 2005). Looking at early gene 
expression (c-fos and c-jun) as a marker of synaptic activi¬ 
ty, it has been noted that as a class the newer antipsychotics 
are associated with regional differences (e.g., increased 
c-fos expression in limbic versus striatal regions). Simi¬ 
larly, more recent opportunities to examine D 2 binding 
extrastriatally have provided evidence that atypical anti¬ 
psychotics demonstrate preferential binding for extrastria- 
tal structures, for example temporal cortex. This could 
account for the diminished risk of EPS and ► hyperpro¬ 
lactinemia, as well as a more direct effect on other brain 
regions. Of note, while the atypicals as a class are asso¬ 
ciated with decreased EPS and a diminished risk of hyper¬ 
prolactinemia, this is variable; risperidone, paliperidone, 
and the substituted benzamides carry a greater liability. 
It has been suggested that the limbic selectivity model 
is, at least in part, a variation of the low affinity-fast 
dissociation hypothesis in that the decreased binding in 
striatal regions reflects competitive displacement by endog¬ 
enous dopamine at dopamine D 2 receptors in dopamine- 
rich regions. 

The distinction between aripiprazole and other atypi¬ 
cal antipsychotics is, in contrast, clearer and draws upon a 
shift in thinking regarding dopamine’s role in schizophre¬ 
nia. For decades, the most widely held biochemical model 
for schizophrenia posited a disorder of hyperdopaminer- 
gic activity. However, by the 1980s a clearer distinction 
was drawn between positive and negative symptoms, and 
subsequently our conceptualization of schizophrenia has 
broadened even further to include other domains (e.g., 
cognition). In the context of these changes, dopamine’s 
role has been reframed to accommodate its differential 
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involvement in this expanded model, suggesting more 
complex feedback loops involving various dopamine 
receptors and other neurochemical systems. For example, 
while limbic structures, dopamine D 2 /D 3 receptors, and 
hyperdopaminergic activity have been implicated in the 
positive symptoms, cognitive and negative symptoms 
have been linked to prefrontal regions, a role for dopa¬ 
mine D x receptors, and hypodopaminergia. 

In this context, drugs that affect dopamine differentially 
may have distinct clinical advantages and aripiprazoles 
proposed dual action on dopamine fits with this line of 
thinking. A partial dopamine agonist acting on postsynap- 
tic D 2 receptors as well as presynaptic dopamine autore¬ 
ceptors, its effects are linked to whether dopamine activity 
is high (i.e., mesolimbic) or low (i.e., mesocortical). Thus, 
through its antagonist properties it diminishes positive 
symptoms (mesolimbic), while its agonist profile results 
in improved negative and cognitive symptoms (directly at 
the mesocortical level and indirectly at the nigrostriatal 
level in the form of attenuated EPS). 

The popularity of each of these models speaks to the 
importance of dopamine and serotonin in explaining the 
unique clinical benefits of the newer antipsychotics, but 
these drugs are characterized by diverse pharmacological 
profiles that impact a variety of receptors and systems 
(e.g., acetylcholine, norepinephrine, histamine, glutamate) 
(Remington and Kapur 2005). Although the currently 
available newer antipsychotics can each be characterized 
by one of the aforementioned models, the potential role 
(s) of these other systems remains a subject of investiga¬ 
tion, both in terms of therapeutic efficacy as well as side 
effects. The involvement of other receptors and systems 
has taken on added interest with the growing body of 
evidence conceptualizing schizophrenia as a disorder of 
multiple symptom domains (e.g., positive, negative, cogni¬ 
tive, affective), paralleled by increased awareness regarding 
the clinical and functional importance of these other non- 
psychotic features. The potential benefits of an effective 
antipsychotic without direct dopamine blockade remains 
alluring, ensuring the search for new antipsychotics fo¬ 
cused on other systems thought to play an important role 
in schizophrenia. 

Atypicality: Second/Third Generation 
Antipsychotics 

While Meltzer et al. defined atypicality as absence of nota¬ 
ble EPS at therapeutic doses (Meltzer et al. 2003), evidence 
clearly indicates that the newer antipsychotics are not the 
same in this regard. For example, risperidone has been 
identified as having a greater liability for EPS than many 
other atypical agents, a risk that is dose-dependent - this 


also distinguishes it from other atypicals such as clozapine 
and quetiapine. It must also be noted that the benefits 
of the atypical antipsychotics, particularly agents like ris¬ 
peridone, in terms of EPS have been challenged on meth¬ 
odological grounds; often comparator trials with first 
generation antipsychotics have used haloperidol, which 
has a notable propensity for EPS, and at doses in excess of 
what are currently recommended. It remains, though, that 
as a class the atypicals have been associated with dimin¬ 
ished risk of EPS and it is this defining feature that best 
distinguishes atypical antipsychotics from their conven¬ 
tional counterparts. 

Although classifying medications based on presence 
or absence of a particular side effect may seem misguided, 
it has occurred again more recently with the growing 
recognition that the newer antipsychotics, in particular 
agents like clozapine and olanzapine, demonstrate a sub¬ 
stantially greater risk for weight gain and associated met¬ 
abolic disturbances. At least some regulatory bodies have 
chosen to identify this as a class effect characterizing all 
atypicals although evidence clearly indicates that, as with 
EPS, there are marked differences between these drugs 
on this dimension. For example, at the other end of the 
continuum from olanzapine and clozapine are drugs 
like ziprasidone and aripirazole that are considered to be 
“weight neutral” (Newcomer 2007). 

Other definitions, for example based on mechanism(s) 
of action, are even less homogeneous. While the seroto¬ 
nin 5-HT 2 /dopamine D 2 hypothesis dominated initial 
efforts to replicate clozapine’s clinical advantages, agents 
now classified as atypical cannot be collectively grouped 
within this model. Clozapine, olanzapine, paliperidone, 
quetiapine, risperidone, sertindole, ziprasidone and zote- 
pine can be categorized as serotonin 5-HT 2 /dopamine D 2 
antagonists but this is not the case for amisulpride and 
sulpiride, where their benefits might best be explained by 
the low affinity-fast dissociation model. In fact, it has been 
argued that this same model could as readily explain the 
benefits of drugs that meet criteria for serotonin 5-HT 2 / 
dopamine D 2 antagonists although this is the subject of 
ongoing debate. As a partial dopamine agonist, aripipra- 
zole currently stands alone pharmacologically, which has 
led some to suggest that it represents a third generation 
antipsychotic. This is, of course, a misnomer if we are 
to use serotonin 5-HT 2 /dopamine D 2 antagonism as the 
mechanism of action that categorizes all other newer 
antipsychotics (given the substituted benzamides). The 
low affinity-fast dissociation explanation might better 
capture other antipsychotics, but this debate itself speaks 
to the pitfall of classifying such diverse pharmacological 
agents on models that are hypothetical and singularly 
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focused. It is very likely that the clinical gains we are 
seeking to achieve can be attained through different path¬ 
ways, and that benefits may be accrued through a combi¬ 
nation of pharmacological manipulations. 

Attempting to collectively group these agents based on 
clinical similarities faces similar challenges, (Tandon et al. 
2008), made more difficult by the rapid expansion in 
purported benefits that occurred in parallel to the devel¬ 
opment of the different atypicals. 

The fact that the atypical antipsychotics differ on 
various measures of efficacy and side effects, in combina¬ 
tion with evidence that clinical differences between them 
and first generation antipsychotics may not be as promi¬ 
nent as once thought, has challenged the utility of ter¬ 
minology like “second generation” (Leucht et al. 2009). 
As an alternative, it has been argued that this “all or none” 
approach to categorization should give way to a strat¬ 
egy that allows individual drugs to be defined across a 
number of relevant measures (i.e., different clinical measu¬ 
res and side effects) (Waddington and O’Callaghan 1997). 

Formulations 

All atypical antipsychotics are available in oral preparations 
that call for once daily administration. There are examples 
where it is recommended that the dose be twice daily, based 
on shorter elimination half-life (e.g., quetiapine, ziprasi- 
done), although extended-release oral formulations have 
been developed to address this (e.g., quetiapine). There is 
some question as to the value of establishing daily dosaging 
based on peripheral ► pharmacokinetics, as in vivo neu¬ 
roimaging techniques such as positron emission tomog¬ 
raphy (► PET) have demonstrated that central kinetics do 
not necessarily mirror what is observed peripherally. 

With certain atypical antipsychotics, variations in for¬ 
mulations have been marketed to ease administration and 
adherence. These include rapidly dissolving, oral formula¬ 
tions (e.g., risperidone, olanzapine), short-acting intramus¬ 
cular for acute treatment (e.g., risperidone, olanzapine, 
ziprasidone), and longer-acting depot formulations for 
maintenance treatment (e.g., risperidone, administered 
every 2 weeks). At least some of the first generation anti¬ 
psychotics had also developed shorter and longer acting 
injectable formulations, but the rapidly dissolving oral for¬ 
mulation is unique to the newer medications. 

Pharmacokinetics 

(see ► Antipsychotics) 

Efficacy and Effectiveness 

Central to antipsychotic development was the goal of 
more tolerable agents from the standpoint of EPS, but 
limitations in the efficacy of first generation antipsychotics 


also represented an impetus. As many as 25-30% of indi¬ 
viduals treated with these drugs were designated treatment- 
resistant or refractory, with an additional subgroup deemed 
only partially responsive. Furthermore, these drugs, while at 
least reasonably effective in treating positive symptoms 
(e.g., ► delusions, ► hallucinations), were not particularly 
useful in controlling negative symptoms (e.g., amotiva- 
tion, alogia). 

With clozapine there was evidence that it was superior 
to first generation antipsychotics on both these domains, in 
addition to its improved EPS profile. Thus, implicit in the 
development of other antipsychotics that were intended to 
mirror clozapine was the assumption of similar clinical 
benefits. As the list of new agents expanded so too did the 
purported benefits though, with suggestions that these 
drugs demonstrated clinical superiority on other symp¬ 
toms (e.g., cognitive, affective) and outcome measures (e.g., 
quality-of-life, adherence). 

Initial efficacy trials generally demonstrated superior¬ 
ity of the different atypical agents versus a first generation 
antipsychotic on total clinical (e.g., Brief Psychiatric 
Rating Scale (BPRS), Positive and Negative Syndrome 
Scale (PANSS)) and positive symptoms scores, and fre¬ 
quently negative symptom scores as well. However, many 
of these efficacy studies were subsequently challenged 
methodologically; not only were the trials relatively 
short (i.e., 6-8 weeks), they often employed haloperidol 
as the comparator, a typical antipsychotic with notable 
propensity for EPS, at doses in excess of what are currently 
recommended. 

Similarly, questions arose over claims of superior efficacy 
in other symptom domains. These followed two lines of 
thinking: (a) the magnitude of change and extent of differ¬ 
ence between the atypical agents and first generation anti¬ 
psychotics; and (b) factors underlying such changes. With 
regard to the former, claims regarding the extent of improve¬ 
ment on neuropsychological measures were tempered over 
time, with current thinking that at best these changes are 
modest and not of a magnitude that would translate to 
notable differences in ► functional outcome. For negative 
symptoms as well, subsequent evidence fostered a 
rethinking of how much different atypical antipsychotics 
were. In both cases, initial claims implicated unique 
aspects of these new drugs and their pharmacology (e.g., 
greater serotonin 5-HT 2 antagonism). However, an alter¬ 
native explanation suggested that methodological issues, 
discussed earlier, favoring the atypicals could account for 
much of these differences. Further, the possibility was 
raised that gains could be explained, at least in part, not 
by what these drugs did through different receptors and 
systems compared to first generation antipsychotics, but 
by what they didn’t do (i.e., invoke high and sustained 
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levels of dopamine D 2 binding). Evidence demonstra¬ 
ted that this was associated with various adverse effects 
beyond motor and endocrine problems (EPS and hyper¬ 
prolactinemia), including dysphoria, amotivation, and 
cognitive impairment. 

More recently, the research focus shifted from an assess¬ 
ment of atypical antipsychotics in the context of smaller and 
circumscribed efficacy trials to larger ► effectiveness studies 
thought to be more representative of “real world” clinical 
practice. Once again, results have suggested that differ¬ 
ences between atypicals and first generation antipsycho¬ 
tics are notably smaller than once thought. They have also 
provided further evidence that clozapine is clinically su¬ 
perior, even amongst other atypicals, in treating treatment 
resistant schizophrenia. Of note, there is some sugges¬ 
tion that amongst other atypical antipsychotics there 
may be clinical differences, a position that has been sup¬ 
ported through other larger scale approaches such as meta- 
analytic studies. As of yet, such differences are not well 
established, with methodological issues (e.g., dosing) 
making conclusions of this sort difficult (Leucht et al. 
2009; Tandon et al. 2008). 

Treatment Algorithms 

Current guidelines advocate atypical antipsychotics as 
first-line treatment for schizophrenia and related psychot¬ 
ic conditions. There is a lack of evidence that these drugs 
are more effective in this population, although decreased 
liability for EPS, including TD, and hyperprolactinemia, 
in combination with improved tolerability represent 
advantages from the standpoint of side effects. However, 
the increased risk of weight gain and metabolic distur¬ 
bances that can be observed with at least some of the 
atypicals, in conjunction with their higher cost and lack 
of clear clinical superiority, have more recently challenged 
this position. 

Clozapine is generally advocated as treatment of 
choice following suboptimal response to two antipsychot¬ 
ic trials. This is in line with evidence that it is superior to 
all other antipsychotics in the treatment resistant popula¬ 
tion, and that treatment resistance can be seen quite soon 
after the illness’ onset. There is no consistent evidence 
that combinations of antipsychotics, including those that 
include clozapine, offer superior clinical efficacy in indivi¬ 
duals who have not responded to monotherapy (i.e., one 
antipsychotic). 

Paralleling the increased number of atypical antipsy¬ 
chotics has been a rise in off-label use of these medica¬ 
tions and efforts to expand their indications. Their efficacy 
in a variety of psychiatric disorders is being examined 
(e.g., ► pervasive developmental disorder; ► generalized 
anxiety disorder; psychotic depression), and as a result 


their approved indications has grown (e.g., ► autism; 
► bipolar disorder, manic and mixed states), depending 
on agent and regulatory body. 

Side Effects 

As a class, the atypical antipsychotics continue to be seen 
as better from the standpoint of EPS, although such a 
distinction is less clear depending on a variety of factors 
that include specific agent, comparator first generation 
antipsychotic, and dose. Current evidence, albeit limited, 
does favor the atypicals as well in terms of TD risk (Correll 
and Schenk 2008), a significant clinical advantage should 
this finding hold true. There is also an indication that as a 
class the atypical antipsychotics might be better tolerated. 
While there was an expectation that such benefits would 
translate to improved adherence, this has not been con¬ 
firmed, a reminder that non-adherence is complex and 
multi-factorial. 

Atypical antipsychotics, to varying degrees, also share 
side effects that were identified with their first generation 
counterparts (e.g., sedation, postural hypotension). In 
general, the atypicals have a lower risk of hyperprolacti¬ 
nemia, although this is variable; risperidone, paliperi- 
done, and the substituted benzamides carry a greater 
liability. There was anticipation that ► neuroleptic malig¬ 
nant syndrome (NMS), a potentially fatal adverse event 
that can occur with all first generation antipsychotics, 
would be diminished or even absent with the atypical 
agents; however, all of the newer drugs to date, including 
clozapine, appear to carry this risk and it is not yet clear as 
to whether the overall liability has been reduced. 

Although the atypical antipsychotics appear superior 
from the standpoint of movement disorders, concern has 
been raised about their increased liability for weight gain 
and associated metabolic disturbances, including dyslipi- 
demia and type 2 diabetes. This, in turn, translates to a 
greater risk of metabolic syndrome, cardiovascular risk 
and associated mortality. There is added concern because 
schizophrenia has already been associated with a short¬ 
ened lifespan (independent of suicide) which may be 
related to various factors (e.g., economic, lifestyle, access 
to medical care). Moreover, there is some evidence to 
suggest that schizophrenia itself may be a risk factor for 
diabetes. As with EPS, the atypicals vary in risk of weight 
gain, with olanzapine and clozapine identified as carrying 
the greatest risk, while at the other end of the spectrum 
aripiprazole and ziprasidone have been identified as 
“weight neutral” (Newcomer 2007). 

In the geriatric population, atypical antipsychotics 
have been associated with increased risk of death (in the 
range of 1.6 fold) from varied causes (e.g., cardiovascular, 
infectious). In fact, though, both typical and atypical 
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antipsychotics have been linked to increased mortality 
rates in schizophrenia (Weinmann et al. 2009). Data re¬ 
garding safety and efficacy in the pediatric population are 
limited. 

Conclusions 

With clozapine as the prototype, a number of new antipsy¬ 
chotics have been developed. Collectively, they have been 
termed “atypical” and further distinguished as “second” or 
“third generation” antipsychotics. Atypical differentiates 
these drugs from their conventional counterparts based on 
clinical profile, specifically diminished risk of EPS, although 
this definition subsequently broadened to include a variety 
of other measures. The distinction between second and 
third generation antipsychotics is mechanistic, with aripi- 
prazole (third generation) the only atypical antipsychotic to 
date that is a partial dopamine agonist. 

The difference between these newer drugs and so-called 
typical antipsychotics may not be as notable as once 
thought, with the exception of clozapines clinical superior¬ 
ity to all other antipsychotics in treatment resistant schizo¬ 
phrenia. Further, “atypical antipsychotics” implies a 
homogeneity amongst these newer drugs and separation 
from first generation antipsychotics that may be both mis¬ 
leading and confusing. There are differences between atypi- 
cals on a variety of clinical/biological measures, and even 
the distinction between second and third generation anti¬ 
psychotics implies two distinct mechanisms of action. 
However, this belies the complexity of pharmacological 
features that may underlie clinical differences. 

This said, the atypical antipsychotics represent a clini¬ 
cal advance and the first notable shift in schizophrenias 
pharmacotherapy since chlorpromazine. Moreover, they 
have stimulated numerous lines of research that have 
substantially impacted our understanding and conceptu¬ 
alization of schizophrenia. The clear limitations of these 
medications as well in terms of clinical response and side 
effects, though, underscore the need for better drugs. The 
widespread claims of atypical antipsychotics were in 
keeping with a “magic bullet” approach, where a single 
drug could be effective across the multiple symptom 
domains now defining schizophrenia. However, it may 
well be that a multi-dimensional approach, premised on 
the notion that each domain reflects different pathophys¬ 
iologic mechanisms, proves a more useful strategy. 
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Second-Generation Anticonvulsants 

Synonyms 

Newer anticonvulsants 

Definition 

This category includes all compounds introduced after 
1990. 
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Second-Generation Antipsychotics 

Definition 

Clozapine was the first medication with good antipsy¬ 
chotic effects and a minimal risk for ► extrapyramidal 
motor side effects. It is therefore considered to have 
started a second generation of antipsychotics. Other 
drugs in this category include 

Cross-References 

► Amisulpride 

► Olanzapine 

► Paliperidone 

► Quetiapine 

► Risperidone 

► Sertindole 

► Ziprasidone 

► Zotepine 


Second Messenger 

Synonyms 

Secondary messenger molecule 

Definition 

Intracellular substance like Ca 2+ , cAMP, inositol phos¬ 
phates, or nitric oxide, the concentration of which is 
controlled by the activation of membrane receptors. Sec¬ 
ond messenger production relays downstream intracellu¬ 
lar receptor events like protein phosphorylation or 
neurotransmitter release. 


units, every fifth response produces a conditioned rein¬ 
forcer (e.g., a visual stimulus) and the completion of the 
tenth fixed-ratio 5 units produces the conditioned rein¬ 
forcer accompanied by food delivery. 

Cross-References 

► Operant Behavior in Animals 

► Schedule of Reinforcement 


Secondary Amine Tricyclic 
Antidepressants 

Synonyms 

TCAs 

Definition 

Secondary amine TCAs result from the metabolism of 
tertiary amine TCAs, during which there is loss of one 
methyl group on the nitrogen side chain. They include 
► nortriptyline, protriptyline, and desipramine. Second¬ 
ary amine TCAs are better tolerated than tertiary amine 
TCAs due to decreased histaminic, cholinergic, and alpha- 
1 adrenergic receptor blockade. 


Secondary Depression in Schizophrenia 

► Postpsychotic Depressive Disorder of Schizophrenia 


Cross-References 

► Agonist 

► Antagonist 

► G Protein-Coupled Receptors 


Secondary Messenger Molecule 

► Second Messenger 
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Second-Order Schedules 


Secondary Reinforcer 


Definition 

In a second-order schedule of reinforcement, a contin¬ 
gency arrangement under which a series of responses 
under a schedule of conditioned reinforcement is treated 
as a unit response under a second schedule that is simul¬ 
taneously in effect. For example, under a second-order 
fixed-ratio 10 schedule of food delivery with fixed-ratio 5 


► Conditioned Reinforcers 


Secondary Reward 

► Appetitive Responses 
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Sedative 

► Minor Tranquilizer 


Sedative Dependence 

► Sedative, Hypnotic, and Anxiolytic Dependence 


Sedative, Hypnotic, and Anxiolytic 
Dependence 

Dan J. Stein 

Department of Psychiatry, University of Cape Town, 

Cape Town, South Africa 

Synonyms 

Anxiolytic dependence; Benzodiazepine dependence; 
Hypnotic dependence; Sedative dependence 

Definition 

Benzodiazepines are widely prescribed for sedative, hyp¬ 
notic, and anxiolytic purposes. In this chapter, I focus 
on benzodiazepine dependence, although similar consid¬ 
erations may pertain to certain nonbenzodiazepine hyp¬ 
notics (e.g., ► zolpidem, ► zopiclone), and even to 
► alcohol dependence (although I will not discuss this 
here). Criteria for substance dependence are provided in 
the most recent editions of the Diagnostic and Statistical 
Manual of Mental Disorders (fourth edition-revised) 
(American Psychiatric Association 1994) and the Interna¬ 
tional Classification of Disease (tenth edition) (World 
Health Organizaion 1992). These criteria include ► toler¬ 
ance (as defined by either a need for markedly increased 
amounts of the substance to achieve the same clinical 
effect, or markedly diminished effect with continued use 
of the same amount of the substance), withdrawal (as 
defined by either the characteristic ► withdrawal syn¬ 
drome for the substance, or by the same or similar sub¬ 
stance taken to avoid withdrawal symptoms), escalation 
of dosage, and various features indicative of impairment 
(e.g., unsuccessful attempts to cut down or control sub¬ 
stance use, time spent in activities necessary to obtain the 
substance, important activities are given up or reduced, 
continued use despite knowledge of having a problem). 


Background 

Benzodiazepines were introduced in the 1950s, and over 
subsequent decades, became widely prescribed for various 
psychiatric symptoms, including agitation, ► insomnia, 
and ► anxiety. There has long been a controversy about 
whether such widespread use of ► benzodiazepines is 
appropriate (Ashton 1989; Lader 1983). On the one 
hand, these agents appear to be effective for the short¬ 
term treatment of several anxiety disorders and insomnia, 
and are far safer than the older ► barbiturates. On the 
other hand, the benzodiazepines are not effective for all 
anxiety disorders, have important ► adverse effects, and 
may be difficult to withdraw. Although the nonbenzodia¬ 
zepine hypnotics, or “z-drugs” (e.g., zolpidem, zopiclone) 
may have a more advantageous adverse event profile, 
similar concerns again arise (Lader 1997). The animal 
behavioral literature is consistent with the relevant clinical 
observations (Lader 1994). 

Soon after the introduction of the ► selective seroto¬ 
nin reuptake inhibitors for depression, many of these 
agents received extensive study for the treatment of sever¬ 
al anxiety disorders ( ► generalized anxiety disorder, 
► obsessive-compulsive disorder, ► panic disorder, social 
phobia). These agents are effective for a broader range of 
anxiety disorders than are the benzodiazepines, and their 
robust antidepressant effects are valuable, given the high 
prevalence of comorbid depression in anxiety disorders. 
Further, they are relatively safe agents, and withdrawal is 
not typically problematic. Thus, they are widely advo¬ 
cated as the first line of pharmacotherapy for most anxiety 
disorders, for both acute symptoms, and for maintenance 
management (Bandelow et al. 2008). 

Although there is clear support for the SSRIs in the 
treatment of anxiety disorders, there remains ongoing 
debate about the specific role of the benzodiazepines in 
these conditions. A number of studies indicate that when 
prescribed together with the SSRIs, the benzodiazepines 
may facilitate early ► efficacy and tolerability. However, 
by 6 or 8 weeks of treatment, no advantage is seen in 
patients initially co-prescribed benzodiazepines. Similarly, 
many clinicians would recommend benzodiazepines only 
in the short-term for patients with psychotic disorders, 
depression with anxiety, and other psychiatric disorders 
where acute sedation, hypnosis, or anxiolysis is useful. 
A number of treatment guidelines and consensus state¬ 
ments have emphasize that benzodiazepines should be 
reserved for short-term use in minimal dosage (Ashton 
2005; Lader and Russell 1993). 

The issue of whether medium-to-long term prescrip¬ 
tion of benzodiazepines can be appropriate under any 
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circumstances remains contentious. There are clinicians 
who argue that there is a role for long-term benzodiaze¬ 
pine prescription; not all patients respond to other agents 
such as the SSRIs. There is some evidence of the value of 
long-term treatment in disorders such as panic disorder, 
and certain features of dependence (e.g., dose escalation, 
tolerance) are rarely present. Although the benzodiaze¬ 
pines may not be highly robust antidepressants, they 
may have some antidepressant effects. However, some 
authors emphasize the significant adverse events asso¬ 
ciated with benzodiazepines (with no change over time 
in cognitive impairment or vulnerability to accidents), 
argue that long-term prescription inevitably leads to 
benzodiazepine dependence (with inefficacy and im¬ 
pairment), and conclude that there is rarely a place for 
such treatments. 

Given the availability of the SSRIs for anxiety disor¬ 
ders, and of a range of treatment options for insomnia, it 
is reasonable to be cautious about medium-to-long-term 
prescription of benzodiazepines. Certainly, both clinicians 
and patients should be aware of the associated adverse 
effects, and the potential difficulties of withdrawal. Par¬ 
ticular caution is required in certain populations (e.g., the 
elderly and those with a prior history of substance depen¬ 
dence). Although dose escalation is not very common, 
and although there are perhaps patients in whom long¬ 
term use of benzodiazepines is useful, given data that 
benzodiazepine discontinuation is associated with psy¬ 
chiatric and cognitive improvements, it may be useful to 
consider benzodiazepine withdrawal at regular intervals 
in those who are on longer-term treatment (Ashton 2005; 
Lader and Russell 1993). 

Role of Pharmacotherapy 

The pharmacological mechanisms underlying benzodia¬ 
zepine tolerance and withdrawal have received consider¬ 
able study, and may include both desensitization of 
inhibitory ► GABA receptors and sensitization of excit¬ 
atory glutamatergic receptors. Benzodiazepine withdraw¬ 
al symptoms include symptoms of anxiety states (e.g., 
anxiety, insomnia, ► dysphoria), as well as a range of 
other characteristic symptoms (e.g., perceptual distor¬ 
tions, depersonalization, confusion). Withdrawal symp¬ 
toms may be somewhat different in younger patients, and 
relevant scales have been developed specifically for this 
population. 

As above, some authors have emphasized that few 
patients on long-term dependence show tolerance, that 
not all meet criteria for dependence, and that, in some 
cases, long-term treatment is needed for chronic symptoms. 


Nevertheless, given data that reduction of benzodiazepines 
is accompanied by decreased psychiatric and cognitive 
symptoms, it also seems reasonable to consider benzodiaz¬ 
epine discontinuation in those who are taking it long-term. 
Certainly, tapering of benzodiazepines is indicated when 
there are concerns about cognitive impairment or other 
adverse effects of long-term benzodiazepines, when there 
is loss of efficacy, or where there is recreational abuse and 
dependence. Several strategies are useful for encouraging 
such benzodiazepine withdrawal. 

First, gradual dose tapering is important. Rapid taper¬ 
ing can precipitate benzodiazepine withdrawal symptoms, 
including the more severe ones (e.g., convulsions, psychotic 
symptoms, ► delirium). A reasonable approach maybe to 
decrease the dose by around one tenth every 1-2 weeks. 
There has been surprisingly little work comparing dif¬ 
ferent withdrawal regimens (Lader et al. 2009). Thus, a 
reasonable approach is to individualize the withdrawal 
regimen; while some patients may be able to discontinue 
benzodiazepines over 6-8 weeks, others may require many 
months. 

Second, switching to a benzodiazepine with a longer 
half-life prior to tapering may be useful. This may be 
particularly necessary in patients using high potency ben¬ 
zodiazepines (e.g., ► lorazepam, ► alprazolam), where 
trials indicate a higher drop-out rate during attempts at 
discontinuation (Voshaar et al. 2006). Diazepam, for ex¬ 
ample, has a slow elimination, allowing a gradual fall in 
blood concentration. Furthermore, it is available in low 
dosage forms, including liquid formulations, which 
allows gradual tapering. Equivalent doses of diazepam 
can be determined for each of the benzodiazepines. 

Third, psychological support can be useful. A range of 
simple interventions, including clinical audit, information 
sheets, letter from the GP, reminder cards, or brief con¬ 
sultations have been shown to be effective in controlled 
studies (Lader et al. 2009). Similarly, elements of cognitive- 
behavioral therapy, such as psychoeducation and pro¬ 
viding support, appear important. Furthermore, CBT 
may address comorbid disorders, and may be particu¬ 
larly useful in preventing relapse. Patients with high- 
dose benzodiazepine abuse may require more intensive 
management, including hospitalization. 

Fourth, treatment with concurrent psycho tropics maybe 
considered. ► Anticonvulsants, ► antidepressants, ► beta- 
blockers, ► buspirone, ► flumazenil, and ► gabapentin 
have all been investigated. A Cochrane review suggested 
that only ► carbamazepine was useful in assisting in ben¬ 
zodiazepine discontinuation (Denis et al. 2006). However, 
the available data are insufficient to suggest routine 
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administration of this agent in benzodiazepine withdrawal. 
Antidepressants may be useful for pre-existing or emergent 
comorbid depression. 

In general, a stepped approach, beginning with simple 
interventions, and then proceeding to more intensive 
ones is appropriate when attempting benzodiazepine dis¬ 
continuation (Lader et al. 2009). There is a growing 
database of information about predictors of response to 
attempts to discontinue benzodiazepines, which may be 
useful in guiding future interventions (Mol et al. 2007). In 
the interim, however, it is reassuring to note the relative 
success of benzodiazepine discontinuation, and the posi¬ 
tive effects that this has for many patients. 

Cross-References 

► Benzodiazepines 

► Selective Serotonin Reuptake Inhibitors 
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► Barbiturates 

► Benzodiazepines 

► Meprobamate 

► Non-Benzodiazepine Agonists 


Selective Association 

Definition 

Selective association refers to the fact that not all classi¬ 
cally conditioned associations can be acquired. Specifical¬ 
ly, animals appear better able to associate specific stimuli, 
for example, tastes and toxicosis, than others, for example, 
audiovisual cues and toxicosis. These selective associa¬ 
tions are thought to be shaped by evolution and to pre¬ 
pare animals for the acquisition of stimulus associations 
important for survival. 


Selective Attention 

Definition 

This is the cognitive process by which we can select certain 
things in the environment to concentrate on, for example, 
a specific object, specific spatial location, a category of 
objects etc. and ignore others. 

Cross-References 

► Attention 


Selective Breeding 

Definition 

Selective breeding occurs when individual animals with 
specific behavioral (or anatomical or physiologic) traits 
are bred with animals with similar characteristics. The 
traits selected are extremes (such as high responders or 
low responders in a specified task) and are determined 
by some criterion of deviation from the group mean 
(e.g., behaviors that are two standard deviations above 
or below the mean). 


Selective Learning 

► Blocking, Overshadowing and Related Concepts 
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Selective Noradrenergic Reuptake 
Inhibitors 

► NARI Antidepressants 


Selective Serotonin Reuptake Inhibitors 

Synonyms 

SSRIs 


Self-Administration of Drugs 

David C. S. Roberts 

Department of Physiology and Pharmacology, Wake 
Forest University School of Medicine, Winston-Salem, 
NC, USA 

Synonyms 

Drug seeking; Drug taking; Self-injection 


Definition 

Selective serotonin reuptake inhibitors (SSRIs) are a 
group of antidepressants that selectively inhibit the reup¬ 
take of serotonin into the presynaptic cell. This leads to an 
increased concentration of serotonin available to bind to 
postsynaptic receptors. Before the introduction of the 
SSRIs, the pharmacologic treatment of depression was 
mainly based on ► tricyclic antidepressants that inhibit 
the reuptake of serotonin and noradrenaline into the 
presynaptic cell. 

Cross-References 

► SSRIs and Related Compounds 


Selegiline 

Synonyms 

l- deprenyl; Eldepryl; Emsam patch; Zelapar 

Definition 

Selegiline or l- deprenyl is a phenylethylamine, specifically 
(R) -N-methyl-N- (1 -phenylpropan-2-yl)prop-2-yn-1 -amine. 
It is an antidepressant that selectively inhibits the enzyme 
monoamine oxidase (MAO), preferentially the type B 
isoenzyme in the recommended low doses. Unlike other 
MAOIs, selegiline is less likely to interact adversely with 
the consumption of tyramine-containing food, the 
so-called cheese reaction. In 2006, the FDA approved 
this compound for the treatment of major depression in 
the form of a transdermal patch (Emsam Patch). It is most 
often used in the treatment of ► Parkinsons disease in 
interaction with l-DOPA. 

The side effects of selegiline are similar to those of 
amphetamine-like stimulants and may comprise cardio¬ 
vascular, respiratory, motor, and perceptual problems. 

Cross-References 

► Antidepressants 

► Monoamine Oxidase Inhibitors 


Definition 

“Self-administration” is an experimental technique which 
gives subjects, to some extent, control over the ingestion 
of a drug. In essence, the method is an ► operant condi¬ 
tioning procedure in which drug delivery is made contin¬ 
gent on a particular response emitted by the subject. A 
variety of species have been tested in self-administration 
procedures including human; however, the vast majority 
of published self-administration studies have examined 
oral or intravenous drug intake in rats or nonhuman 
primates. Self-administration techniques are used to 
study the reinforcing effects and underlying neurobiology 
of different classes of reinforcing drugs, to evaluate 
► abuse liability of specific agents and to model the ad¬ 
diction process. 

Impact of Psychoactive Drugs 

History 

There was a time when human intelligence was considered 
an essential requirement for the voluntary ingestion of 
drugs of abuse, such as ► heroin or ► cocaine. Given this 
bias, it was considered unlikely that any animal would 
self-administer psychoactive drugs. 

In one of the earliest reports to challenge the prevail¬ 
ing dogma that drug addiction was exclusively a human 
condition. Spragg (1940) reported that chimpanzees 
would “work intentionally” to receive a ► morphine in¬ 
jection. The chimps received daily injections of morphine 
until there was clear evidence that ► physical dependence 
had developed (i.e., the appearance of withdrawal signs 
when the drug was withheld). Spragg then showed that 
chimps would engage in a sequence of responses that 
resulted in a morphine injection. If the animal were 
drug deprived, it would select the correct “key” (a colored 
wooden stick), turn, walk to a particular box, open it with 
the key, remove a syringe containing morphine and hand 
it to the investigator who would deliver an intramuscular 
injection of morphine. When not drug-deprived the 
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chimp would select a different key which provided access 
to food inside a different box. 

Spragg wrote 

► .. .since morphine addiction seems to depend essentially 

upon forming an association between the administration 
of the drug and the alleviation of withdrawal symptoms, 
and since this sequence involves a time lag of 10-15 min 
or more, the value of using subjects high enough in the 
phyletic scale to be able to make a delayed association of 
this nature is obvious. By this token, animals such as the 
rat, for example, could probably never become addicted 
to morphine, simply because they are not capable of 
forming associations of this order... (p 126) 

The quote illustrates two important presumptions of 
the early literature. The first is the notion that drug taking 
is phylogenetically biased toward primates and the second 
is that ► physical dependence is a necessary precondition 
of drug self-administration in animals. These assump¬ 
tions went unchallenged for two decades. 

Weeks (1962) of the Upjohn Company published a 
seminal paper which marked the beginning of modern 
self-administration studies. By combining operant condi¬ 
tioning techniques, a pump mechanism that delivered pre¬ 
cise amount of drug and a chronically indwelling jugular 
catheter that allowed animals to move freely within a cage, 
Weeks demonstrated that rats learned to respond on a 
lever which resulted in the delivery of an intravenous injec¬ 
tion of morphine. Clearly rats were capable of making the 
correct associations and were able to self-administer mor¬ 
phine. Weeks’ initial demonstration used animals that were 
first made physically dependent. Later, however, it was 
shown that physical dependence was not a necessary pre¬ 
condition for drug self-administration. Readers are referred 
to the 1978 NIDA Monograph No. 20, Self-Administration 
of Abused Substances: Methods for Study (http://www. 
drugabuse.gov/pdf/monographs/20.pdf) for a collection 
of reviews which summarize the foundational work in 
the field. 

Patterns of Intake 

The pattern of drug self-administration depends on the 
pharmacological class of the drug as well as experimental 
factors such as dose, price, and availability. Figure 1 shows 
the pattern of ► cocaine self-administration in a rat using 
the most basic schedule, a ► Fixed Ratio 1 (FR1). Note the 
brief burst of responding in the first few minutes of the 
session; for the remainder of the session the interval 
between each injection is relatively consistent. As the 
unit dose is reduced, the number of self-administered 
injections increase within the 2-h session until, at some 
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Self-Administration of Drugs. Fig. 1. Examples of a rat 
self-administering various doses of cocaine on an FR1 
schedule. Each line is an event record of a daily 2 h session 
with each injection indicated by an upward tick. The unit dose 
for each daily session is indicated to the left. The figure 
illustrates that (above some threshold) lower doses are 
self-administered more frequently. 


point, the dose no longer supports sustained responding 
(bottom two event records). This dose-response relation¬ 
ship for a group of animals is shown in Fig. 2 (left). The 
gradual ascending limb apparent to the left of the apex is 
an artifact of averaging across a group of animals and does 
not reflect the fact that the behavior of an individual 
animal shows an abrupt change from a non-reinforcing 
to a threshold reinforcing dose (see Fig. 1). To the right of 
the apex is a descending limb with a very small variance 
surrounding the mean rate at each dose. Figure 2 (right) 
shows the same data plotted according to total drug intake 
during the session. This graph illustrates that above some 
threshold dose animals tend to self-administer similar 
amounts or show a slight increase in intake at each 
supra-threshold doses. 

Appetitive Versus Consummatory Responses 

It is important to distinguish between two related concepts 
in drug self-administration: appetitive versus consum¬ 
matory responses. A consummatory response is deter¬ 
mined by the route of administration. For example, the 
consummatory response for ► alcohol might involve 
opening a bottle and drinking from it. For smoking to¬ 
bacco or ► crack cocaine, it is the act of preparing and 
lighting a cigarette or pipe and inhaling the smoke. For 
intravenous drug use, it is filling the syringe and injecting 
the drug into a vein. Such consummatory behaviors can 
become extremely ritualistic and powerful habits. 
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Self-Administration of Drugs. Fig. 2. The effect of manipulating dose on rate of responding {left) and total intake {right) for a 
group of rats. Each rat in the group was implanted with an IV catheter and trained to self-administer cocaine. Each animal was 
then tested using a descending series of doses as illustrated in Fig. 1 . The graph on the left illustrates that above a mean 
threshold dose (apex) the rate of self-administration deceases as the unit injection dose is increased. The graph on the right 
illustrates that in spite of the decrease in the number of injections self-administered, the amount consumed within a session 
increased gradually with dose (Oleson and Roberts 2009). 


By contrast, appetitive responses serve to make the 
drug available. In humans, appetitive responses might 
involve working for money to buy the alcohol, tobacco 
product, or drug; in a laboratory situation it could be 
pressing on a lever and completing a response require¬ 
ment. The difference between appetitive and consum- 
matory responses is relatively straightforward in humans; 
however, the distinction becomes blurred in animals receiv¬ 
ing drug via intravenous catheters. The appetitive response 
is obvious - animals can be shown to work quite hard to 
receive an injection. But since the drug is infused auto¬ 
matically via a catheter the consummatory act is harder to 
define. It might be argued the consummatory act is the last 
response on the lever prior to the injection. With that being 
the case, the single operant response on an FR1 schedule is 
both appetitive and consummatory. 

Schedules will be reviewed below which attempt to 
address separately the appetitive and motivational factors 
which influence drug seeking. For the moment it is as¬ 
sumed that responding on an FR1 is largely consummatory 
and that the rate and pattern of responding reflects the 
preferred level of consumption. 

Factors Affecting Drug Consumption 

The pattern shown in Fig. 1 has been taken as evidence 
that animals regulate (or titrate) their intake around some 
preferred blood or brain level. The early burst is a “load¬ 
ing phase,” during which blood levels of cocaine increase 
presumably to a preferred plateau. The subsequent regu¬ 
lar pattern reflects a maintenance phase with each post¬ 
infusion pause determined by the ► half-life of the unit 
injection dose. Longer acting drugs, such as ► amphet¬ 
amine, produce longer post-infusion pauses. 


Independent variables such as session length and 
timeout periods can dramatically affect the daily pattern 
and rates of consumption. An examination of these fac¬ 
tors illustrates the qualitative differences between stimu¬ 
lant and opiate drug use. Subjects given 24 h/day access to 
cocaine or other stimulant drugs on an FR1 schedule tend 
to “► binge” for many hours or days. It is unclear what 
actually terminates a binge; however, animals generally do 
not eat or sleep during this period so that a deterioration 
of their physical health probably contributes. A drug binge 
inevitably resumes after some recuperative drug-absti¬ 
nence period. Unlimited access to stimulant drugs, there¬ 
fore, results in a series of binge-abstinence cycles. Toxic 
effects can accumulate with repeated cycles resulting in an 
increased likelihood of convulsions. The probability of 
lethal overdose is extremely high virtually for all psychos¬ 
timulants tested including cocaine, amphetamine, and 
► methamphetamine. This is true for every species tested. 
By contrast, unlimited access to ► opiates results in a very 
different outcome. Heroin and morphine intake is rela¬ 
tively circadian rather than binge-like. Drug intake 
increases gradually over days as ► tolerance and physical 
dependence develops. The danger of lethal overdose is far 
less for opiates than for stimulants. Instead, a severe 
withdrawal reaction during experimenter-imposed opiate 
deprivation becomes a concern. 

Any examination of extended access to stimulant 
drugs must necessarily limit intake in some fashion to 
avoid toxicity. The majority of cocaine and amphetamine 
studies constrain intake by restricting the daily session to 
1 or 2 h a day. This produces a very consistent pattern of 
intake from day to day. Longer sessions (6 h) have been 
shown to produce an escalation of intake across days 
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(Ahmed and Koob 1998), modeling an important aspect 
of the addiction process. Another method of constraining 
daily drug intake is to restrict the number of injections 
offered each hour. For example, four discrete trials per 
hour effectively restrict hourly intake (and the danger of 
drug overdose or toxicity), while permitting round-the- 
clock access to drug. When the number of trials and the 
dose is chosen so as to cap cocaine intake at 3 mg/kg/h, 
self-administration generally becomes restricted to the ac¬ 
tive part of the light-dark cycle and will remain circadian 
over many weeks (Roberts et al. 2002). Binge-abstinence 
cycles (without lethality) are engendered by higher hourly 
access (7.5 mg/kg/h). 

Factors Influencing Appetitive Responding 

A variety of ► schedules of reinforcement have been used 
in order to directly address appetitive responding. It is 
important to recognize that different drug classes can have 
potent direct effects on rates of responding; therefore, 
once the first injection is delivered the response rates are 
“contaminated” by having the drug on board. ► Second 
order schedules have provided a useful method to circum¬ 
vent this problem. A second order schedule, for example 
[FR5 (FR10:S)], might have an initial component wherein 
every tenth response results in the delivery of a stimulus 
light; completion of five of these components results in 
the delivery of the stimulus light and a drug injection. 
Relatively high rates of responding over prolonged peri¬ 
ods can be maintained prior to the delivery of the first 
drug injection. Second order schedules have demonstrated 
that stimuli associated with drug injections can become 
potent ► conditioned reinforcers and brief presentations 
of these stimuli can effectively maintain drug seeking 
behavior. Second order schedules have been particularly 
useful in evaluating pharmacological treatments for drug 
addictions in nonhuman primates and for evaluating the 
neural mechanism in rats (Schindler et al. 2002). There 
has been a recent trend for an appetitive and consumma- 
tory phase to be formally incorporated into an experi¬ 
mental design. A second order schedule might be used in 
the initial phase of the session. Completion of the second 
order requirement then results in access to drugs, perhaps 
on an FR1. The two phases are designed to assess “drug 
seeking” versus “drug taking.” 

Choice procedures offer another way of assessing 
reinforcing efficacy of a drug. Typically, a subject is off¬ 
ered a choice between a particular dose of drug and a 
nondrug reinforcer such as food. Such methods, together 
with an assessment using ► drug discrimination techni¬ 
ques, have been used to evaluate abuse liability. Drugs 
that are abused by humans are almost invariably 


self-administered by rats and nonhuman primates, indi¬ 
cating self-administration procedures provide a good pre¬ 
dictor of abuse liability for new therapeutic agents being 
considered for the clinical market (Bergman and Paronis 
2006). 

The ► progressive ratio (PR) schedule has been used 
extensively to assess the reinforcing strength of a variety 
of drugs. The distinguishing feature of the PR schedule is 
that the response requirements increase following the deli¬ 
very of each reinforcement. In a typical self-administration 
study in rats, the first injection “costs” only one response, 
but with each injection the response requirement escalates 
through an exponential series (1, 2, 4, 6, 9, 12, 15, 20, 32, 
40, 50, 62, 77, 95, 118, 145, 178,219, 268, 328,226 402,492, 
603). Studies in nonhuman primates have used the same or 
similar series except that the initial ratio often begins at 
50. Figure 3 shows a cumulative record from a session in 
which a rat was self-administering cocaine on a PR sched¬ 
ule. Note that at some point in the session responding 
ceases. The last completed ratio (termed a ► breakpoint) 
is considered an index of the reinforcing value. 



Self-Administration of Drugs. Fig. 3. A cumulative record 
illustrating the response pattern of a rat self-administering 
cocaine on a progressive ratio schedule. Upward movements 
of the record represent responses; downward angle ticks 
indicate a drug injection. The first response resulted in an 
injection. The response requirements for subsequent 
injections escalated through an exponential series. In this 
case, the animal self-administered 16 injections. The final ratio 
was 145. 
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Unit dose (mg/kg/inj) 

Self-Administration of Drugs. Fig. 4. Graph shows the 
dose-response relationship in rats for a variety of drugs 
self-administered on a PR schedule. Groups of rats were first 
trained to self-administer cocaine. Various doses of test drug 
were then evaluated. The dependent measure was the final 
ratio (or breakpoint). HD24 is an experimental tropane 
compound synthesized by Dr. H. M. L. Davies. Note that the 
selected drugs have a range of reinforcing efficacies and 
potencies. 

Figure 4 shows the dose-response curves for several 
different stimulant drugs. Higher unit doses are asso¬ 
ciated with higher breakpoints. The large range of break¬ 
points across various drugs suggests a wide spectrum of 
reinforcing efficacies. 

Whether responding is measured while drug is on 
board is a critical theoretical issue. In some cases, it is 
imperative that drug seeking be measured in a drug-free 
state. However, it has become clear that blood levels of 
drug can greatly affect responding and in fact may be one 
of the most important factors which drives further drug 
taking once it has started. In this context, it is impor¬ 
tant to emphasize that the breakpoint on a PR schedule 
measures the motivation to continue a binge and not 
necessarily the motivation to start a binge. 

In the past decade there has been a pronounced in¬ 
crease in the number of studies examining “relapse” to 
drug taking. In relapse experiments, animals are tested 
either in a drug-free state or under the influence of an 
experimenter delivered drug. Typically rats are trained to 
self-administer (e.g., cocaine or heroin) and in many 
cases, responding is then extinguished. The effect of a 
► priming drug injection or ► conditioned stimuli are 
then assessed on lever responding. The term relapse is 
perhaps a misnomer, since animals do not self-administer 


during these test sessions; however, the procedure has 
provided a robust model to examine important influences 
on drug seeking. It has been shown that conditioned 
stimuli, ► stress, or a priming injection of drug can rein¬ 
state responding (Shaham et al. 2003). 

Another important trend in the self-administration 
literature has been the application of behavioral economic 
principles. The theoretical constructs of supply, demand, 
consumption, and price have been usefully applied to the 
analysis of drug intake. Price can be manipulated by 
changing the response requirement for a fixed unit dose 
of drug. Alternatively, the response ratio can be fixed (e.g., 
FR1) and the unit injection dose reduced as might occur 
in an assessment of threshold (illustrated in Fig. 1). Either 
way the theoretical issues are the same. A behavioral eco¬ 
nomic analysis of the relationship between consumption 
and price offers a relatively new way of assessing reinforcing 
strength (Hursh 2000). 

As stated previously, the majority of self-administra¬ 
tion studies have used the intravenous route of adminis¬ 
tration. Studies of alcohol intake have quite naturally used 
the oral route. Rodents are generally reluctant to drink 
alcohol without some encouragement. ► Schedule-induced 
polydipsia has been used to induce higher levels of alcohol 
intake. Similarly, intake can be increased by sweetening 
the alcohol solutions. After a reasonable intake level has 
been established then the sweetener is faded out over 
days. The neurobiology of both appetitive and consum- 
matory aspects of alcohol intake is currently being 
assessed in rodent studies through analysis of different 
strains, knockout mice, and through ► selective breeding 
programs for alcohol preferring animals. 

Intragastric, inhalation, intraventricular, and intrace¬ 
rebral routes have all been used in self-administration 
experiments. The ► pharmacokinetics of each route is 
different; the rate of drug delivery to the brain necessarily 
affects the reinforcing efficacy. 

Self-administration by the intracrerebral route is a spe¬ 
cial case which offers a unique perspective on brain circuit¬ 
ry involved in drug reinforcement. Since the first report 
by Olds et al. (1964) there have been about 50 papers 
describing self-administration of drugs into various brain 
regions. Interestingly, nondrugs of abuse have been re¬ 
ported to support operant responding. Because drugs are 
introduced directly into circumscribed brain regions, they 
can have a purely local effect which is quite different from 
a systemic injection. For example, Liu and Ikemoto (2007) 
have shown that muscimol (a GABA a agonist which 
would produce local inhibition) is self-administered 
into the median raphe nucleus. By contrast, picrotoxin 
(a GABA a antagonist which would produce neuronal 
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disinhibition) is self-administered into the ► ventral teg¬ 
mental area. Thus, the brain region (and presumably the 
local circuit) determines whether a drug has a reinforcing 
effect. Note that, neither muscimol nor picrotoxin is self- 
administered when offered systemically. 

Cross-References 

► Abuse Liability Evaluation 

► Behavioral Economics 

► Cocaine 

► Cocaine Dependence 

► Inhalant and Solvent Abuse 

► Nicotine 

► Opioids 

► Psychomotor Stimulant Abuse 

► Psychomotor Stimulants 

► Reinstatement of Drug Self-Administration 

► Withdrawal Syndromes 
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Self-Control Failure 

► Impulsivity 


Self-Destructive Behavior 

► Suicide 


Self-Immolation 

► Suicide 


Self-Injection 

► Self-Administration of Drugs 


Self-Monitoring 

Definition 

Self-monitoring is the ability to recognize that actions 
such as inner speech are initiated by the self. 


Semantic Memory 
Definition 

Our memory for language, concepts, and facts about the 
world. 


Sensitive Delusion of Reference 

► Delusional Disorder 


Sensitization 

Synonyms 

Reverse tolerance 

Definition 

Sensitization, in relation to ► Pavlovian conditioning, is 
an incremental change in the response to a stimulus in the 
absence of any associated contingency. In psychopharma¬ 
cology, sensitization is more frequently used as the name 
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for the progressive enhancement of an ► unconditioned 
response to a drug when it is administered on two or more 
occasions. It regularly occurs with ► psychostimulant and 
► opioid drugs and is believed to involve enhanced func¬ 
tion of dopaminergic neurons projecting from the ► ven¬ 
tral tegmental area to the ► nucleus accumbens. 


Sensitization to Drugs 

Terry E. Robinson 

Department of Psychology, University of Michigan, 

Ann Arbor, MI, USA 

Synonyms 

Behavioral augmentation; Behavioral facilitation; Behav¬ 
ioral sensitization; Reverse tolerance 

Definition 

The word “sensitization” is used to refer to a number of 
different, but related effects. For example, in immunology, 
sensitization refers to the hypersensitivity to an antigen 
(often an allergen) that can develop upon repeated expo¬ 
sure to the antigen. In the study of learning, sensitization 
refers to a form of nonassociative learning whereby ex¬ 
posure to a stimulus (an ► unconditional stimulus, US) 
increases subsequent responsiveness to the same or other 
stimuli, even though they were not explicitly paired. Sim¬ 
ilarly, in pharmacology, the word sensitization has come 
to refer to an increase in a drug effect upon successive 
exposures to a drug, or, hypersensitivity to a drug in 
animals that were exposed to the drug in the past 
(Fig. 1). For example, one unconditional effect of drugs 
such as ► amphetamine or ► cocaine is to produce psy¬ 
chomotor activation , often measured as an increase in 
forward locomotion. Under some circumstances, the re¬ 
peated administration of ► psychostimulant drugs results 
in a progressive increase in this drug effect, whereby 
successive injections of the same dose produce greater 
and greater psychomotor activation. Furthermore, expo¬ 
sure to one drug (e.g., amphetamine) can also render 
animals hypersensitive to the locomotor activating effects 
of other drugs (e.g., cocaine or ► morphine). When ex¬ 
posure to one drug (or another stimulus, such as ► stress) 
renders an animal hypersensitive to another drug or stim¬ 
ulus, this is called “cross-sensitization” (Kalivas and 
Barnes 1988; Robinson and Becker 1986; Stewart and 
Badiani 1993). 


Impact of Psychoactive Drugs 

Behavioral Sensitization 

By itself, with no adjective, the word sensitization pro¬ 
vides no information about the nature of the drug effect 
that is changed or about the underlying mechanisms. 
Indeed, it is not very useful to refer to “drug sensitization” 
or to just say an animal is “sensitized,” because sensitiza¬ 
tion (or tolerance) does not develop to the drug itself. 
Specific drug effects show sensitization or tolerance. Drugs 
produce many different effects, and with repeated admin¬ 
istration some effects may show sensitization while at the 
same time other effects show ► tolerance and yet others 
do not change. In fact, the same drug effect may show 
tolerance or sensitization depending on the conditions 
under which the drug is administered (e.g., if it is given 
continuously or intermittently - intermittent injections 
favor sensitization). Thus, an animal that is “sensitized” 
may also be “tolerant” - depending on which drug effect 
is under consideration. 

It is important to ask, therefore, which effects of drugs 
tend to show sensitization, and under what conditions 
is sensitization induced and expressed. Most studies on 
sensitization involve some behavioral measure, and if a 
behavioral effect of a drug increases with repeated drug 
administration, this may be called behavioral sensitization 
(Fig. 1). In other studies, a neurobiological effect of a 
drug may be measured, and if increased by prior drug 
exposure, this may be referred to as neural sensitization , 
although again, these terms provide no information about 
the exact effect that is changed. Therefore, unless one 
wants to just refer to the general phenomenon, it is 
best to use terms that convey information about the 
specific drug effect under study, because most of them 
are dissociable. 

In many studies of behavioral sensitization, the drug 
effect measured is a psychomotor effect ( psychomotor sen¬ 
sitization ; Fig. 1 and 2). But the psychomotor-activating 
effects of drugs represent a very complex set of differ¬ 
ent behaviors, and they can compete with one another, 
making the accurate assessment of psychomotor effects a 
complicated endeavor (Flagel and Robinson 2007; Robin¬ 
son and Becker 1986). The most frequent psychomotor 
effect studied involves some measure of locomotor activi¬ 
ty (e.g., beam breaks, crossovers, distance traveled, etc.). 
To the extent that locomotor activity increases with re¬ 
peated drug administration, this can be called locomotor 
sensitization. But drugs can produce many other psycho¬ 
motor effects, including complex patterns of repetitive 
motor actions (stereotyped behaviors), including rear¬ 
ing, head movements, limb movements, sniffing, oral 
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Sensitization to Drugs. Fig. 1. An illustration of the different ways of viewing psychomotor sensitization. The specific behavior 
quantified is amphetamine-induced rotational behavior in rats with a unilateral 6-OHDA lesion. The dose-effect function for this 
behavior is linear over a much wider range of doses than for locomotor activity (see Fig. 2). Left panel: a within-subjects measure 
of sensitization, in which rats were given an injection of 3 mg/kg of D-amphetamine (or saline) once every 3-4 days for a total of 
ten injections. Amphetamine produced more and more rotational behavior ("psychomotor activation") with successive 
injections, whereas the response to saline did not change. The increase in behavioral effect is called behavioral or psychomotor 
sensitization. Middle panel: a between-subjects measure of sensitization, in which rats that were previously treated with saline or 
amphetamine both received a challenge injection of amphetamine (1.5 mg/kg). The behavioral response in rats that previously 
received ten injections of amphetamine (left panel) is much greater than in those that previously received saline, and the 
magnitude of the group difference indicates the degree of sensitization. Right panel: dose-effect analysis, in which rats previously 
treated as in the left panel received a challenge injection with different doses of amphetamine. In this case the degree of 
sensitization is indicated by the magnitude of the shift to the left in the dose-effect function. (Data are from Anagnostaras S, 
Robinson TE (1996) Sensitization to the psychomotor stimulant effects of amphetamine: modulation by associative learning. 
Behav Neurosci 110:1397-1414). 


movements (licking and biting), rotational behavior, etc. 
Which psychomotor effect dominates behavior depends 
on many factors, including the drug, dose, the test envi¬ 
ronment, the time after drug administration, and many 
others. For example, in animals previously exposed to 
amphetamine a subsequent injection may initially in¬ 
crease locomotor activity, which then decreases and is 
replaced by complex patterns of stereotyped behaviors 
performed “in place,” and then this followed by the re- 
emergence of locomotor hyperactivity (“post-stereotypy 
hyperactivity”). What is critical to realize is that each of 
these different psychomotor effects can be dissociated, 
and they do not all change uniformly as a function of 
repeated drug treatment (see Fig. 2). Repeated drug 


administration does not have the same effect on each of 
these behaviors, presumably in part because they are 
mediated by different neural systems that are changing 
in different ways, and in part because of the competitive 
relationship between different behaviors. 

For this reason, negative findings can be very difficult 
to interpret in studies of sensitization. If a given manipu¬ 
lation is reported to not produce, or to prevent the 
expression of “sensitization” - one must immediately 
ask - by what measure? It could be that the manipulation 
influenced the induction or expression of locomotor sen¬ 
sitization, but had no effect on some other measure of 
psychomotor sensitization, or on other psychological pro¬ 
cesses that undergo sensitization (see below). Or, it could 
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Sensitization to Drugs. Fig. 2. Different measures of psychomotor activation in a within-subjects study of behavioral 
sensitization. On the first day of treatment, rats were given three injections of cocaine in ascending doses (0, 7.5, 15, and 
30 mg/kg), with 45 min between each treatment. For the next 6 days, they received one injection of 15 mg/kg each day. Then, on 
the seventh day they again received multiple doses, as on day 1. The graph show three different behavioral measures on day 
1 and day 7 of testing, obtained from video. Panel A shows a measure of locomotion (distance traveled in cm). Between day 1 and 
7 the animals showed an increase in locomotor activity when given 7.5 mg/kg, no change when given 15 mg/kg, and a decrease 
in locomotor activity when given 30 mg/kg. This highlights the complexity of the dose-effect function when using locomotor 
activity as a measure of psychomotor activation (compare with Fig. 1 ). For example, under the conditions of this study, if only a 
dose of 15 mg/kg were used, one would conclude that the animals did not sensitize. However, other measures of psychomotor 
activation reveal robust sensitization. Panel B shows the average velocity of each bout of locomotion, and there is a large effect 
of repeated drug treatment on this measure (the effect at a dose of zero also reveals a conditioned effect not evident in the 
distance traveled). Panel C shows the average frequency of head movements, and again this measure reveals robust 
psychomotor sensitization, at all doses. These data illustrate the importance of using multiple measures of psychomotor activity 
in studies of sensitization, especially if negative findings are obtained. (Data are from Flagel and Robinson 2007). 


be that the measure of locomotion was not the most 
appropriate measure under the conditions of the study. 
For example, repeated exposure to cocaine may have no 
influence on one measure of locomotion, such as distance 
traveled, while at the same time dramatically increasing 
the velocity of each individual bout of locomotion and the 
frequency of stereotyped head movements (Flagel and 
Robinson 2007; Fig. 2). Thus, the apparent absence of 
locomotor sensitization may not allow one to conclude 
no effect on “sensitization,” but only on one behavioral 
measure. Unfortunately, in many studies only one mea¬ 
sure is provided making it nearly impossible to interpret 
negative results. 

It is also important to remember that many other 
behavioral effects of drugs can sensitize, besides just psy¬ 
chomotor effects. Other behaviors that have been reported 
to sensitize include acoustic ► startle, drinking behavior, 
lick rate, discriminative effects, and the disrupting effect 
of amphetamine on ► latent inhibition and ► selective 
attention, to name a few (Badiani and Robinson 2009; 
Kalivas and Barnes 1988; Robinson and Becker 1986; 


Stewart and Badiani 1993). In humans the psychotomi¬ 
metic effects of psychostimulant drugs also sensitize 
(Featherstone et al. 2007; Robinson and Becker 1986). In 
addition, there is considerable evidence that repeated 
exposure to a variety of drugs of abuse increases some 
aspect of their rewarding or incentive motivational effects 
(Vezina and Leyton 2009). Repeated exposure to a num¬ 
ber of potentially addictive drugs facilitates the later 
acquisition of ► drug self-administration behavior and 
a ► conditioned place preference, facilitates the learning 
of S-R habits, increases motivation for drug based on 
performance on a ► progressive ratio schedule and run¬ 
ning in an alley, and increases the incentive salience 
attributed to stimuli associated with drug and nondrug 
rewards. This latter form of sensitization - incentive sensi¬ 
tization - may be especially important in the development 
of addiction because it may result in people being mala- 
daptively attracted to drugs and cues associated with 
drugs, thus instigating and maintaining drug-seeking be¬ 
havior even when there is a desire to remain abstinent 
(Robinson and Berridge 2008). 
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Neural Sensitization 

Presumably the reason that so many different behaviors 
and psychological functions can be sensitized by repeated 
exposure to drugs is that drugs change many different 
neural systems, neural systems that mediate the behaviors 
and psychological functions that sensitize (Thomas et al. 
2008). Many studies of neural sensitization have focused 
on ► mesotelencephalic dopamine systems, and a number 
of sensitization-related changes in dopamine systems have 
been described, including an increase in stimulated dopa¬ 
mine release and striatal D2 receptors (Robinson and 
Becker 1986; Robinson and Berridge 2008). However, 
sensitization-related changes have been described in near¬ 
ly every neurotransmitter system within the relevant mes¬ 
encephalic-striatal-amygdala-cortical circuitry, including 
glutamate, GABA, serotonin, acetylcholine, norepineph¬ 
rine, etc. systems, and in a host of intracellular ► signaling 
cascades. Indeed, sensitization has been associated with 
changes in patterns of synaptic connectivity in these cir¬ 
cuits, suggesting a level of reorganization that may funda¬ 
mentally and persistently change their operation. Despite 
considerable research on neural sensitization, cause-effect 
relations are not well understood. What changes in what 
neural systems are causally-related to what changes in 
behavior and psychological function remains a topic of 
active investigation. 

The Induction Versus the Expression of 
Sensitization 

Most major drugs of abuse are capable of inducing sensiti¬ 
zation, including psychostimulants (amphetamine, cocaine, 

► MDMA, cathinone, fencamfamine, ► methylpheni- 
date, phenylethylamine, etc.), opiates, ► phencyclidine, 

► alcohol, and ► nicotine. Direct agonists that act on 
the D2 receptor also produce robust psychomotor sensi¬ 
tization, although it is not clear the mechanism is the 
same as with ► drugs of abuse, which influence dopami¬ 
nergic activity indirectly. In addition, repeated intermit¬ 
tent exposure to stress can produce cross-sensitization to 
drugs, and vice versa (Kalivas and Barnes 1988; Stewart 
and Badiani 1993). 

For some drugs it is thought that an action at the level 
of dopamine cell bodies in the midbrain is necessary to 
induce sensitization. However, once induced, sensitiza¬ 
tion may be expressed by drug actions in structures that 
receive dopaminergic inputs (Vezina and Leyton 2009). 
Whatever the case, one remarkable feature of sensitization 
is that, once induced, it can persist for very long periods 
of time in the absence of any further exposure to the 
drug - for weeks, months, or years. The persistence of 
sensitization depends on many factors, including the 


drug, the dose, the number of exposures, and the pattern 
of exposure. Furthermore, sensitization can be induced 
when a drug is administered by an experimenter, or 
when it is self-administered, including when it is self- 
administered under conditions that promote the develop¬ 
ment of symptoms of addiction (i.e., under extended 
access conditions). 

Modulation of Induction and Expression 

Although the repeated, intermittent administration of a 
number of drugs of abuse may produce sensitization, it is 
important to emphasize that there are a host of factors 
that modulate both the induction and expression of sen¬ 
sitization. Whether a given dose of a drug induces sensiti¬ 
zation, or how robust the effect, is dependent on many 
factors beside dose and the treatment regimen, including, 
the strain of the animal, its sex (females generally sensitize 
more), hormonal status, past experience with ► stress, 
age, the rate of drug delivery (faster rates produce greater 
sensitization), and the context in which the drug is admi¬ 
nistered, amongst others (Badiani and Robinson 2009; 
Kalivas and Barnes 1988). Indeed, there are large individ¬ 
ual differences in susceptibility to sensitization. After 
neural sensitization is induced there are also a number 
of factors that determine if it is expressed in behavior at 
any particular place or time. For example, when an animal 
that has developed psychomotor sensitization is re¬ 
exposed to drug in a context where it has never before 
experienced drug, sensitization may not be expressed in 
behavior (this is so-called context-specific sensitization; 
Fig. 3). Exactly, how contextual factors modulate the 
expression of sensitization is not well understood. The 
available data suggest that contexts not associated with 
drugs may act to actively inhibit expression, perhaps 
through a kind of inhibitory ► occasion-setting type 
mechanism. This is because specific ► extinction proce¬ 
dures and ECS can “release” this inhibition so that sensi¬ 
tization is now expressed in a nondrug context (Stewart 
and Badiani 1993; Vezina and Leyton 2009; Fig. 3). Of 
course, drug-associated contexts can also elicit drug-like 
conditioned responses that may add to sensitization 
effects, but this kind of conditioned response appears to 
be a different process than contextual modulation of 
sensitization. Indeed, it may be misleading to speak of 
“context-specific sensitization” versus “context-indepen¬ 
dent sensitization” as if they represent two different forms 
of sensitization. It appears there is one form of sensitiza¬ 
tion, a nonassociative increase in responsiveness to vari¬ 
ous stimuli because of changes in the relevant neural 
systems. However, the expression of sensitization can be 
powerfully modulated by associative learning, and if it is, 
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Sensitization to Drugs. Fig. 3. Context-specificity of sensitization (adapted from Vezina and Leyton 2009). Paired rats received 
amphetamine in the test environment on one day and saline in the home cage (or somewhere else) the following day. Unpaired 
animals were subjected to the opposite configuration while Control animals received saline in both environments. After 
repeated treatments, all animals were then administered a challenge injection of the drug in the test environment to assess the 
expression of sensitization. The results on the left illustrate that sensitization was only expressed in Paired animals. Rats that 
received the same number of drug injections but explicitly Unpaired with the test environment showed levels of responding 
similar to animals receiving the drug for the first time (controls). Evidence that this is due to Conditioned Inhibition of the 
expression of sensitization in Unpaired rats comes from the finding that after these rats were subjected to a procedure known to 
extinguish Conditioned Inhibition (but spare conditioned excitation), they now expressed sensitization (right panel). This 
suggests that the failure of unpaired animals to express sensitization in the first test was due to some form of conditioned 
inhibition (see Vezina and Leyton 2009 for further discussion). 


sensitization may be expressed only under specific condi¬ 
tions. How contextual factors (and other stimuli) modu¬ 
late the expression of sensitization is an important (but 
little investigated) topic, because of the potential impor¬ 
tance of such factors in relapse. Addicts are much more 
prone to ► relapse in contexts associated with drugs than 
in other contexts. This may be related not only to the 
ability of drug-associated contexts to evoke conditioned 
responses, which is well-documented, but also because 
context can gate the expression of sensitization. Thus, 
conditions that promote the expression of neural sensiti¬ 
zation in behavior may also promote relapse, whereas 
conditions that inhibit the expression of sensitization 
may inhibit the propensity to relapse. For this reason a 
better understanding of factors that modulate the induc¬ 
tion and expression of sensitization (especially incentive 
sensitization) may prove useful in developing treatments 
for addiction (Robinson and Berridge 2008; Stewart and 
Badiani 1993; Vezina and Leyton 2009). 


Sensitization in Humans 

By necessity, most research on sensitization has involved 
preclinical studies in nonhuman animals. However, it is 
worth noting that similar effects have been described in 
humans (Leyton 2007). As mentioned above, it has long 
been recognized that the psychotomimetic effects of psy¬ 
chostimulant drugs sensitize, as does their ability to pro¬ 
duce complex stereotyped behavioral patterns (in humans 
this is called “punding”). Indeed, sensitization of psy¬ 
chotomimetic effects has been interpreted as involving 
sensitization of incentive salience, whereby otherwise in¬ 
nocuous stimuli in the environment acquire pathological 
importance (Featherstone et al. 2007). In addition, there 
are now a number of reports that repeated exposure to 
amphetamine induces both behavioral sensitization (e.g., 
increased eye-blink responses, vigor, and energy ratings), 
and neural sensitization (e.g., an increase in evoked dopa¬ 
mine “release” as indicated by raclopride displacement). 
Finally, as in nonhuman animals, the expression of 
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Sensorimotor Behavior 


sensitization in humans appears to be highly modulated 
by the context under which drugs are experienced (Leyton 
2007; Robinson and Berridge 2008; Vezina and Leyton 
2009). 

In conclusion, the sensitization produced by repeated 
exposure to many drugs of abuse turns out to be a very 
complex form of neurobehavioral plasticity that can alter 
many different neural systems, and thus be manifest as a 
change in many different behaviors and psychological 
processes. Some of these changes may be related to why, 
in addicts, drugs and drug-associated stimuli come to 
acquire such inordinate control over behavior (Robinson 
and Berridge 2008). 

Cross-References 

► Psychomotor Stimulants 

► Substance Use Disorders (Including Addictions) 

► Tolerance 
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Sensorimotor Behavior 

Definition 

Motor responses that immediately follow sensory 
stimulation. 


Sensorimotor Gating 

► Prepulse Inhibition 


Sensory Gating 

► Prepulse Inhibition 


Sentient 

Definition 

The ability of an organism to perceive or feel things. Sentient 
animals have higher-order nervous systems and behaviors. 


Separated 

► Independents 


Separation Calls 

► Distress Vocalization 


Serazide 

► Benserazide 


Serotonin 

Synonyms 

5-HT; 5-Hydroxytryptamine 

Definition 

A monoamine ( ► indoleamine) neurotransmitter found 
in the brain, ► platelets, and the gastrointestinal tract. 
Serotonin is synthesized from the amino acid ► tryp¬ 
tophan, and is involved in a wide range of behav¬ 
ioral, physiological, and cognitive functions, including 
mood, emotion, appetite, sleep, memory, temperature 
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regulation, platelet aggregation, vascular tone, intesti¬ 
nal secretion, peristalsis, and bone metabolism. Seroto¬ 
nin is well known for its role in psychiatric and 
behavioral disorders such as ► depression, ► anxiety, 
► obsessive compulsive disorders, ► eating disorders, 
and ► addiction. This neurotransmitter may also be 
involved in physiological disorders such as irritable 
bowel syndrome and cardiac arrhythmias. The actions of 
serotonin (5-HT) are mediated through at least 16 recep¬ 
tor subtypes grouped into seven families (5-HT!-5-HT 7 ) 
according to their structural and functional characteris¬ 
tics, and include 13 distinct ► G-protein-coupled recep¬ 
tors, coupled to various effector systems, and three 
ligand-gated ion channels (the 5-HT 3 receptors). The 
drugs targeting the 5-HT system that are in the widest 
clinical are the selective serotonin reuptake inhibitors 
that are used for the treatment of depression and other 
disorders. 


Symptoms range from mild to severe, and include cogni¬ 
tive (confusion, agitation, ► hallucinations), autonomic 
(changes in temperature, tachycardia, nausea), and somatic 
effects (tremor, clonus). 

Cross-References 

► Monoamine Oxidase Inhibitors 

► SSRIs and Related Compounds 


Serotonin Transporter 

Definition 

A presynaptic membrane protein that transports the neu¬ 
rotransmitter ► serotonin from the synapse back into the 
presynaptic neuron, thereby “recycling” serotonin. 


Cross-References 

► Antidepressants 

► Anxiety 

► Depression 

► Monoamine 

► Neurotransmitter 

► Obsessive Compulsive Disorder 

► SSRIs and Related Compounds 


Seroxat 

► Paroxetine 


Sertindole 


Serotonin Antidepressants 

► SSRIs and Related Compounds 


Serotonin-Norepinephrine Reuptake 
Inhibitors 

► SNRI Antidepressants 


Serotonin Syndrome 

Definition 

Serotonin syndrome is the result of an excessive amount 
of serotonin in the brain, usually the consequence of a 
drug interaction or overdose, and is potentially fatal. 


Definition 

Sertindole is a second-generation antipsychotic that 
acts as a dopamine D2 and serotonin 5 -HT 2 a antagonist. 
A phenylindole derivative, sertindole has been reintro¬ 
duced as a second-line drug treatment after it had been 
voluntary withdrawn from the market because of con¬ 
cerns over cardiac arrhythmias and sudden deaths. How¬ 
ever, the risk for cardiovascular mortality was found not 
to differ from that by other atypical antipsychotics, while 
it may be useful for patients in whom other antipsychotics 
have failed. Sertindole also lacks the sedative properties 
inherent to many other antipsychotic drugs. However, 
ECG monitoring is required before and during the 
treatment. 

Cross-References 

► Antipsychotic Drugs 

► Future of Antipsychotic Medication 

► Schizophrenia 

► Second- and Third-Generation Antipsychotics 
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Sertraline 


Sertraline 

Definition 

Sertraline is a naphthalenamine derivative and acts as a 

► selective serotonin reuptake inhibitor (SSRI) that is 
used as an antidepressant. Its effects are mostly typical 
for the class of SSRIs, sharing their therapeutic effects and 
side-effects although some studies have found a particu¬ 
larly favorable balance between benefits, acceptability, and 
cost. A recent systematic review and meta-analysis found 
evidence favoring sertraline over several other antidepres¬ 
sants for the acute phase treatment of ► major depression. 
Among side effects, there was a higher rate of diarrhea 
with sertraline than some other SSRIs. It is absorbed 
slowly after oral administration and there are several 
metabolites including N-desmethyl-sertraline, which has 
weak pharmacological activity. The elimination half-life is 
in the range of 22-36 h. Sertraline has little inhibitory 
effect on the ► cytochrome P450 enzymes, with the result 
that interactions with other drugs are less likely than with 
some other SSRIs. 

Cross-References 

► Antidepressants 


Setiptiline Maleate 

Definition 

Setiptiline Maleate is a tetracyclic antidepressant that 
has been used in the treatment of depression. It has 
antihistamine and hypnotic-sedative effects, but almost 
no ► anticholinergic effects. It is a weak inhibitor of 
norepinephrine reuptake in vitro and strongly stimulates 
the release of central ► norepinephrine by blocking pre- 
synaptic a 2 -adrenoceptors similar to mianserin. It also 
acts as a 5-HT 2A , 5-HT 2C , and 5-HT 3 receptor antagonist. 
Unlike most conventional antidepressants, it has no effi¬ 
cacy as a serotonin reuptake inhibitor. It can induce 
drowsiness and thirst, but it displays low toxicity. 

Cross-References 

► Depression 

► Mianserin 

► Tetracyclic Antidepressant 


Set-Shifting Test 

► Wisconsin Card Sorting Test 


Sex Differences in Drug Effects 

Sakire Pogun 1 , Gorkem Yararbas 1,2 

Center for Brain Research, Ege University, Bornova, 

Izmir, Turkey 

institute on Drug Abuse, Toxicology and Pharmaceutical 
Science (BATI), Ege University, Bornova, Izmir, Turkey 

Synonyms 

Gender differences; Sexual dimorphism 

Definition 

In the 2001 National Academy of Sciences report (Exp¬ 
loring the Biological Contributions to Human Health: 
Does Sex Matter?) sex is defined as “the classification of 
living things, generally as male or female according to 
their reproductive organs and functions assigned by their 
chromosomal complement, and gender as a persons self¬ 
representation as male or female, or how that person is 
responded to by social institutions on the basis of the 
individuaEs gender presentation.” The term “sex differ¬ 
ences” is used to explain biological differences between 
males and females while “gender differences” imply differ¬ 
ential effects of social and cultural milieu on males and 
females; in other words, gender can be considered as a 
psychosocial construct. In nonhuman animal research, 
“sex differences” is the preferred term. Because of the 
complex interplay between biological and environmen¬ 
tal factors, it is hard to define a clear-cut distinction bet¬ 
ween sex- or gender-based differences between males and 
females. Furthermore, recent findings from ► epigenetic 
research show that the biological factors are influenced 
by the environment. In either case, there is a variation in 
the characteristic associated with either the male or female 
sex. Morphological characteristics or features that are 
different in males and females of the same species are 
referred to as “sexual dimorphism” (two forms). 

Sex differences are not limited to reproductive func¬ 
tion and endocrine systems, but are also observed in brain 
and behavior. As a result of these distinctive features be¬ 
tween males and females, their biological responses to drugs 
are not the same. 

Current Concepts and State of Knowledge 

Until recently, women were excluded from many experi¬ 
ments with drugs, and, therefore, information about ap¬ 
propriate treatment of diseases and reactions to drug 
therapy was based on studies conducted only on men. 
Without systematic research, it was assumed that sex 
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differences in responses to drugs might be attributed to 
differences in height, weight and hormones. The exclu¬ 
sion of women from drug trials was, in part, the result of 
the thalidomide tragedy of the 1950s. Subsequently, in 
1977 FDA recommended that women of childbearing po¬ 
tential be excluded from drug research. It was assumed that 
studies conducted in adult males could be extrapolated to 
other patient populations, including women, children, and 
the elderly. For example, a 1989 study, excluding women, 
suggested the use of aspirin as the first-line treatment of 
cardiovascular disease, but in 1992 two studies showed that 
the benefits of aspirin were greater in men than in women. 
In 1993, the FDA withdrew the rule against including 
women of childbearing potential in clinical trials and 
went forward to ensure that women were included in all 
future drug research. The newer studies reveal that drug 
researchers are showing increased awareness of gender spe¬ 
cific responses to drugs and are including more women in 
clinical trials. 

The chemical structure and dose of a drug are impor¬ 
tant factors in producing the expected effects, but the 
actual amount of drug which binds to its target sites, in 
other words ► bioavailability, is critical. The primary 
target site for ► psychoactive drugs is the brain. Dynamic 
factors (e.g., absorption, distribution, metabolism, and 
excretion) that determine the bioavailability of a drug 
( ► pharmacokinetics) are not the same in males and 
females. Gastric acid secretion and gastrointestinal blood 
flow are lower and gastric emptying time is longer in 
women; on average, women weigh less and have a higher 
percentage of body fat; activity of enzymes that metabo¬ 
lize drugs are sexually dimorphic; women have a lower 
glomerular filtration rate and a lower creatinine clearance 
compared with men. 

The composition of the body, more specifically the 
ratio of fat and water, is an important factor in determin¬ 
ing the plasma levels of a drug and in females the adipose 
tissue is more and the water content is less than in males. 
Therefore, as the proportion of water is smaller in females 
than males, the same dose of a drug would be expected to 
result in a higher blood level in females than males; 
subsequently, more concentrated drug levels would result 
in greater effects in females, even if the dose was corrected 
for body weight. On the other hand, because there is more 
adipose tissue in a womens body (approximately 25%) 
and most of the ► antipsychotic drugs are ► lipophilic, 
some antipsychotic drugs may accumulate in the adipose 
tissue and result in extended bioavailability in women. The 
endocrine milieu of women is much more variable than 
that of men; the gonadal (► Gonad) hormones fluctuate 
during the menstrual cycle, pregnancy, postpartum 


period, lactation, menopause, and while using oral con¬ 
traceptives. Ovarian hormones have substantial modula¬ 
tory roles on central neurotransmission. In case of a 
challenge such as an epileptic seizure, the permeability 
of the ► blood brain barrier is slightly elevated in females 
compared to males. This difference may impact the rate of 
drug entry to the brain and result in a stronger effect. Drug 
metabolism is another factor where sex differences are ob¬ 
served. Liver is the major site of drug inactivation and sexual 
dimorphisms in the liver may partly account for different 
metabolism of drugs in women and men. Sex-specific dif¬ 
ferences in enzyme activity can lead to sex differences in 
drug response. For example, women wake from general 
anesthesia several minutes before a man, given an equivalent 
dose. Gastric enzymes which metabolize ► alcohol before it 
reaches the bloodstream are weaker in women than men, 
thereby after ingesting similar amount of alcohol, women 
will have higher blood concentrations than men. Several 
► cytochrome P450 isoenzymes are responsible for the 
metabolism of many drugs. For example, certain cyto¬ 
chromes which break down ► nicotine to its inactive 
metabolites are significantly higher in women than men 
and higher metabolism is related to nicotine dependence. 

Although the ► activational effects of ► sex hormones 
cannot fully account for all sex differences observed in the 
adult brain, and though many sex differences persist in the 
absence of these hormones, they have a substantial impact 
on brain, behavior, and response to drugs. Ovarian hor¬ 
mones affect ► pharmacokinetics properties of a variety 
of drugs. Changes in the menstrual cycle are related to 
differential ► absorption and bioavailability of certain 
drugs. Gastric emptying is slower during the luteal phase 
of the menstrual cycle compared to the follicular phase. 
Gastrointestinal transit time is prolonged during the lute¬ 
al phase compared to the follicular phase, allowing for 
greater drug absorption. Sodium retention, water content, 
and urinary volume may also vary with the menstrual 
cycle in women and influence the distribution of drugs. 

Overall, rates of side effects to most drugs are reported 
to be higher in women than in men and sex differences in 
drug metabolism may be involved in these adverse reac¬ 
tions. Additionally, increasing age, polypharmacy, liver 
and renal disease may have sexually dimorphic impacts 
on side effects. 

Dopaminergic System 

Central dopaminergic systems are the target of many psy¬ 
choactive drugs, including abused substances. Males and 
females differ in the functioning of the dopaminergic sys¬ 
tem and therefore, sex differences are observed in response 
to drugs which act primarily through this system. 
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► Dopamine neurotransmission mediates the reinfor¬ 
cing effects (reward system) of ► drugs of abuse and may 
underlie neuropsychiatric disorders such as ► schizophre¬ 
nia, ► Parkinsons disease, and ► attention deficit disor¬ 
der, where sex differences have been reported in incidence, 
prevalence, clinical course, and treatment outcome. Ad¬ 
diction to some abused ► psychostimulants such as ►co¬ 
caine and nicotine is more severe in women, the age of 
onset of schizophrenia is later in women than men and 
the prevalence of Parkinsons disease is lower in women 
than men. Sex differences in the baseline activity of the 
dopaminergic system may underlie these observed differ¬ 
ences as well as responses to dopaminergic drugs. 

Dopamine release and uptake rates, which regulate 
extracellular dopamine levels, are higher in females than 
males in some brain regions such as the striatum. Women 
have higher levels of ► dopamine transporters in the 
striatum, lower striatal dopamine D2 receptor affinity 
and higher dopamine 2 (D2) receptor levels in the 
frontal cortex compared to men; this may result in elevat¬ 
ed levels of dopamine in these brain regions in women. In 
fact, postmortem and neuroimaging studies in human 
subjects suggest that dopamine release in women is higher 
relative to men. In human subjects, d-amphetamine- 
induced dopamine release in striatal and extrastriatal 
regions is higher in women suggesting sex differences in 
cognitive function and sensation-seeking behavior. The 
decline observed in DA receptor levels with age is also 
slower in women than men. In rats, indirect dopamine 
agonists like ► cocaine, which block the dopamine trans¬ 
porter, induce greater behavioral and neuroendocrine 
effects in females than males. Female rats acquire self¬ 
administration of cocaine faster than males. Responses 
to direct acting dopamine D2 ligands display sex differ¬ 
ences with females being more sensitive than males. 

Ovarian hormones underlie some, but not all sex 
differences observed in drug abuse, suggesting qualitative 
and quantitative sexual dimorphisms in neural systems. 
Estrogen enhances the response to the psychomotor 
stimulants ► amphetamine or cocaine; this effect is 
observed both during estrogen replacement following 
ovariectomy and during the estrus phase of the estrus 
cycle in rats. 

In studies on rodents, estrogen is reported to incre¬ 
ase dopamine synthesis, and baseline dopamine release 
in the striatum, and to increase neuronal firing in sub¬ 
stantia nigra. Estrogen inhibits gamma-aminobutyrate 
( ► GABA) neurons in the striatum and accumbens, 
which subsequently increase dopaminergic activity. An¬ 
other established effect of estrogens is the down regulation 
of dopamine receptors. Dopaminergic transmission varies 


with estrous cycle phase. For example, amphetamine- 
stimulated dopamine release is greatest during the estrus 
phase of the cycle, a time when the behavioral response is 
also greatest. Estrogen plays an important role in modulat¬ 
ing sex differences in neurochemical responses to ► psy¬ 
chomotor stimulants. 

► Stress, negative mood, and exposure to drug-related 
cues predict relapse in cocaine dependence. The effect of 
stress is more significantly associated with relapse in women 
and drug cues in men. Estrogen and progesterone have 
opposite effects on behavioral responses to cocaine, while 
the former increases the effects, the latter decrease it and the 
effects are more pronounced in females than males. Stress 
and cocaine enhance the stress response, mainly through 
the ► corticotrophin releasing factor (CRF) and central 
noradrenergic pathways, both of which activate the meso- 
limbic dopaminergic systems involved in the rewarding 
effects of cocaine. Progesterone also plays a key role in 
stress regulation and D2 receptor function, which results 
in an increase of DA release. On the other hand, in male 
rats, the density of dopamine D1 receptors is higher than 
in female rats in the ► nucleus accumbens, a brain region 
implicated in reward. 

Sex differences observed in behavioral responses to one 
drug cannot be generalized to all behaviors because neuro- 
biological mechanisms controlling different behaviors can 
be dissociated. For example, in rats, while the locomotor 
responses to amphetamine and ► methamphetamine show 
sex differences with females being more sensitive than 
males, no sex differences are reported for conditioned 
place preference. Alternatively, sex differences are observed 
in responses to nicotine both in locomotor activity and in 
► conditioned place preference, albeit in different direc¬ 
tions: The effect of nicotine on locomotion is more pro¬ 
nounced in females, but unlike males, females do not 
show nicotine induced place preference. Similar to nico¬ 
tine, ► LSD induces place preference in male but not in 
female rats. On the other hand, female rats are reported to 
be more sensitive to the conditioning effect of cocaine. 

► Sensitization of behaviors such as rotation, stereo¬ 
typed grooming, head bobs, and forelimb movements 
observed following chronic exposure to ► psychostimu¬ 
lants is greater in female rats than in males. 

Methamphetamine, another abused drug like cocaine, 
increases dopamine levels in some brain regions but 
through different mechanisms: while cocaine blocks re¬ 
uptake, methamphetamine induces release from nerve 
terminals. The sex differences observed in the effects of 
methamphetamine are similar to cocaine: Females are more 
sensitive to the locomotor activating effects, but the effect 
gradually declines with repeated treatment in rats. 
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Drug Abuse 

Until recently, preclinical ( ► Addictive disorder: animal 
models) and clinical research on drug abuse has been 
conducted mainly on male subjects. Drug abuse was gen¬ 
erally accepted as a male problem and males were thought 
to be more vulnerable to drug abuse ( ► abuse liability 
evaluation). However, this view did not take into consid¬ 
eration the opportunity for use. There is growing evi¬ 
dence that points to sex differences the effects of abused 
drugs. Biological and environmental predictors of drug 
use such as ► depression, conduct disorder, physical and 
sexual abuse, prenatal drug exposure, and family dysfunc¬ 
tion affect males and females differently. Therefore, treat¬ 
ment strategies that are effective in one sex may not be 
equally successful in the other. Sex differences in sensi¬ 
tivity to abused drugs and in drug self-administration is 
also observed in laboratory animals, and during different 
stages of the addiction process (i.e., acquisition, mainte¬ 
nance, and relapse). Females appear to be more vulnerable 
than males to the reinforcing effects of psychostimul¬ 
ants, ► opiates, and nicotine as revealed by their behav¬ 
ioral, neurological, and pharmacological responses to these 
drugs. Women take less time to progress to dependence 
(tobacco, ► caffeine, alcohol, ► cannabinoids, opiates, 
► sedatives, cocaine, inhalants, amphetamine, ► halluci¬ 
nogens, and ► phencyclidine) than men. Furthermore, in 
many cases, women appear to be more sensitive to the 
adverse health effects of drugs than men, pointing to 
the importance of developing gender-specific prevention 
and treatment programs in drug-related health problems. 
Methamphetamine (►amphetamine derivative) abuse 
may be an exception. It is reported that women begin to 
use methamphetamine at their earlier ages, and appear to 
be more dependent, but also they also respond better to 
treatment than men do. In women, use of methamphet¬ 
amine is associated with depression, suggesting a type of 
self-medication. 

Epidemiological studies indicate that during adult¬ 
hood, men outnumber women in using illicit sub¬ 
stances (except prescription medications), alcohol and 
tobacco, and that men are more likely to have a ► drug 
abuse/dependence disorder or an alcohol use disorder 
than women. However, this gender difference in preva¬ 
lence is not observed among adolescents; in fact, some 
studies point to a slightly higher prevalence of smoking 
among girls than boys. Nonetheless, ► alcohol abuse and 
dependence is higher in males than females at all age 
groups. 

Women are more sensitive to the physiological effects 
of alcohol than men, have higher blood levels following 
similar doses of alcohol and report feeling more 


intoxicated. However, negative mood-induced craving 
for alcohol is greater in women than men. 

Following different routes of cocaine intake, women 
detect the subjective effects of cocaine later than men and 
report less euphoria and dysphoria, but feel more “ner¬ 
vous” compared to men. Women show greater reactivity 
than men to cocaine-related cues and the ► craving dur¬ 
ing abstinence is significantly higher in women. 

Women have greater vulnerability for smoking-related 
diseases (specifically myocardial infarction and lung can¬ 
cer) than men, but are less successful in quitting smoking. 
Men benefit from nicotine replacement therapy more 
than women. Studies on rodents point to similar sex 
differences, suggesting the involvement of underlying sex¬ 
ual dimorphisms in biology. Females may take a shorter 
time to become dependent than males, they make fewer 
quit attempts and can stay abstinent for shorter periods 
than males; the rate of relapse is higher in females than 
males. Sexually dimorphic pharmacokinetics that causes 
variance in blood/brain levels of nicotine or the effects of 
gonadal hormones may underlie some of the sex differ¬ 
ences observed in nicotine/tobacco addiction. 

There are established sex-dependent differences in 
► opiate reward. Female rats are more sensitive to the 
rewarding effects of ► morphine, and work more than 
males to self-administer morphine, and acquire condi¬ 
tioned place preference at lower doses than males. Addi¬ 
tionally, there are also sex-related differences in the effect 
of morphine on locomotor activity, cardiovascular sys¬ 
tem, temperature, stimulus discrimination, ► physical 
dependence, and analgesia. 

The cyto-architecture of male and female brains is not 
the same; for example, the dendritic arborization in the 
anterior cingulate cortex, implicated in craving, is greater 
in male rats than in females. ► Psychoactive drugs modify 
the action of various neurotransmitter systems at the 
cellular and molecular levels and impact synaptic struc¬ 
ture and function. There are clearly established sex differ¬ 
ences in the action of neurotransmitters, with specific 
characteristic. The organizational and ► activational eff¬ 
ects of ► gonadal hormones underlie some of the sex 
differences in brain and behavior. Since sex steroids, 
and especially estrogens, modify the binding of ligands 
to their receptor sites, sex differences in the action of 
pharmaceuticals deserve attention. 

Antipsychotics 

The response and end-organ sensitivity to antipsycho¬ 
tic treatment, similar to other drugs, are influenced by 
genetics, age, height, weight, lean-fat ratio, diet, exercise, 
concurrent disease, smoking and alcohol, and the 


s 




1214 


Sex Differences in Drug Effects 


administration of concomitant drugs. There are sex dif¬ 
ferences in all of these factors and taken together, these 
factors are estimated to contribute to a tenfold variabil¬ 
ity in responses to medication. 

Sex differences in response to ► antipsychotic agents 
have been reported in both animals and humans. In drug- 
naive subjects, response to antipsychotic drugs is repor¬ 
ted to be superior in women. In chronically ill patients 
with ► schizophrenia or related psychoses, men require 
twice as high a dose as women for effective maintenance. 
Recommendations for prescribing antipsychotic medica¬ 
tion to women include using lower doses for women than 
men, longer intervals for women when depot doses are 
used, and careful modulation of drug dose in aging 
women. In general, schizophrenic women have higher 
degree of symptom improvement, but also of ► extrapy- 
ramidal symptoms. 

Until recently, women have been underrepresented in 
clinical trials of ► second generation antipsychotics, and 
therefore, there are limited data on possible sex differ¬ 
ences in drug efficacy and side effects. A main reason for 
this underrepresentation was the fear of potential ► tera¬ 
togenicity. Currently, sex-specific analysis of efficacy and 
safety data is a requirement and therefore an increasing 
number of studies are now available concerning sex dif¬ 
ferences in pharmacokinetics or ► pharmacodynamics of 
second generation antipsychotics. 

There are reported sex differences in pharmacokinet¬ 
ics for second generation antipsychotics ► clozapine, 
► olanzapine and ► sertindole, and CYP1A2 activity has 
been implicated in these differences. Women have higher 
plasma levels of all these second generation antipsycho¬ 
tics than men. On the other hand, no sex differences 
were observed for ► quetiapine. However, as the studies 
involve relatively small number of patients, larger samples 
are required before generalizations can be made on sex 
differences in responses to novel antipsychotics. 

Recent reports suggest that women on olanzapine have a 
significantly better treatment response than men, and pre¬ 
menopausal women have a better treatment response than 
postmenopausal women. Overall, schizophrenic women 
under 40 years of age require lower antipsychotic doses 
than men regarding both acute response and maintenance. 

Because of important side effects of antipsychotic med¬ 
ication, regular monitoring of weight gain and body mass 
index, plasma glucose level, lipid profiles, signs of prolactin 
elevation and ► hyperprolactinemia, or sexual dysfunction 
are recommended. Cardiac side effects and extrapyramidal 
symptoms should be considered as well. However, despite 
established sex differences in response to antipsychotic 
medication, these effects do not receive much emphasis 


in prescribing these drugs to men or women. Women, 
perhaps because of the influence of sex hormones, have a 
lower risk of sudden cardiac death, but a higher risk of 
acquired ► long QT syndrome from antiarrhythmic 
drugs. Estrogens may facilitate bradycardia-induced pro¬ 
longation of the QT interval. Patent antipsychotic drugs 
were likely to block cardiac voltage-gated potassium chan¬ 
nels, prolong the QT interval, and result in ventricular 
arrhythmias. Subsequently, women may be at a higher 
risk of cardiac side effects of antipsychotic medication. 
Older antipsychotics like ► butyrophenone and ► pheno- 
thiazine derivatives, and some of the second generation 
antipsychotics elevate prolactin levels (hyperprolactine¬ 
mia) and result in sexual dysfunction, which in turn results 
in non-compliance with treatment, particularly in men. In 
the long run, hyperprolactinemia also causes galactorrhoea, 
amenorrhea, breast engorgement, and osteoporosis. In 
women, the elevation of prolactin concentrations is gener¬ 
ally noted to be higher than in men. On the other hand, 

► aripiprazole which has a different profile from second 
generation antipsychotics by being a partial D2 receptor 
agonist is reported to lower prolactin levels. 

Antidepressants 

Although, the prevelance of major depression is twice as 
much in women than men, sex differences observed in 

► antidepressant medication is not overwhelming. Women 
experience more vegetative and atypical symptoms, ► anxi¬ 
ety, and anger than men, and report higher severity of 
depression on self-report measures; however, no signifi¬ 
cant sex differences are observed in the course of the 
illness and treatment response. The efficacy of ► bupro¬ 
pion and ► selective serotonin reuptake inhibitors 
(► SSRI), appear to be equally effective in treating depres¬ 
sion, anxious/somatic symptoms, and ► insomnia; there 
is a slight sex difference as greater improvement was seen 
in women during SSRI treatment regarding anxious/so¬ 
matic symptoms of depression. Additionally, the efficacy 
of antidepressants is more pronounced in younger 
patients. On the other hand, a recent study suggests 
that women with ► generalized anxiety disorder, partic¬ 
ularly those with a later age of onset, may have a poorer 
response to the SSRI ► fluoxetine compared to men. Al¬ 
though women have higher plasma levels than men, no 
sex differences are reported in response to ► tricyclic 
antidepressants. 

Analgesics 

Pain management by pharmacotherapy is another imp¬ 
ortant medical problem where sex differences are noted. 
Furthermore, there may be gender differences in pain 
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tolerance. Women report suffering from migraine and ar¬ 
thritis, more intensely than men do. Men have a better 
response to non-steroidal anti-inflammatory analgesics 
(NSAIDS) than women, and women benefit more from 
narcotics than men do. Therefore, over-the-counter analge¬ 
sics do not help women as much as men, and lower doses of 
narcotics which are effective on women are not as effective 
on men. 

Males and females respond differently to drugs acting 
at ► opioid receptors; these quantitative and qualitative 
differences are not restricted to the ► analgesic and anti¬ 
nociceptive properties of opioids, but are also present in 
opioid-induced side effects (i.e., effects on respiration, 
locomotor activity, learning/memory, addiction, and car¬ 
diovascular system). However, the direction and magni¬ 
tude of sex differences regarding the potency of opioids 
depend on the interacting variables which are specific to 
the drug (i.e., dose, pharmacokinetics and pharmacody¬ 
namics, route and time of administration) or to the sub¬ 
ject (i.e., species, type of pain, genetics, age, gonadal/ 
hormonal status, and psychological factors). The differ¬ 
ential organizational and/or ► activational effects of go¬ 
nadal steroid hormones in males versus females have 
received emphasis in explaining sex differences in opioid 
antinociception. There are sex differences in response to 
drugs acting on ► kappa-opioid receptors: Women re¬ 
spond more robustly than men to ► kappa-opioid ago¬ 
nists and antagonists with analgesic and hyperalgesic 
properties, respectively. When drugs acting at different 
receptors are compared, women have better pain scores 
with kappa-opioid agonists (butorphanol) than mu-opioid 
agonists (morphine). However, rodent data from labora¬ 
tory pain models contrast with human data. 

Conclusion 

Recent studies on both animals and humans clearly indicate 
that many normal physiological and pathological functions 
are influenced by sex-based differences in biology, either 
directly or indirectly. Males and females are not only differ¬ 
ent regarding reproductive function, but sex differences 
exist in brain and behavior, including emotion, memory, 
vision, hearing, processing faces, pain perception, naviga¬ 
tion, neurotransmitter levels, stress hormone action on the 
brain, and disease states. Sexual dimorphisms are observed 
in many neurotransmitter systems, including monoamines, 
serotonin, GABA (gama-aminobutyric acid), acetylcholine, 
vasopressin, and opioids. Furthermore, dynamic factors 
that influence the bioavailability of drugs, body composi¬ 
tion, gastrointestinal, renal and liver function, hormonal 
status, and activity of enzymes involved in drug metabo¬ 
lism, are not the same in males and females. Subsequently, it 


is clear that there are sex and gender differences in response 
to neuropsychopharmacological treatments. Sex is an im¬ 
portant variable that should be considered when design¬ 
ing and analyzing studies in all areas of biomedical and 
health related research. 
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Synonyms 

Gonadal hormones 

Definition 

The brains of mammals are sexually dimorphic due to the 
actions of testosterone and estradiol during sensitive per¬ 
iods of development. Additionally, males and females 
produce different sex ► hormones, so the circulating hor¬ 
monal milieu is also sexually dimorphic. The ► gonadal 
hormones act in the brain at both intracellular and mem¬ 
brane receptors to induce changes in brain and behavior. 
One of the things that the ovarian hormones, estradiol 
and progesterone, do is modulate the response to cocaine 
and amphetamine by acting at membrane receptors in the 
striatum and nucleus accumbens. These effects of the ovar¬ 
ian hormones result in sex differences in the behavioral 
responses to these drugs. While ► androgens are reinfor¬ 
cing in their own right, they do not seem to modulate the 
behavioral response to cocaine or amphetamine. 

Pharmacological Properties 

Background 

The brains of mammals undergo sexual differentiation dur¬ 
ing sensitive periods of development. In rodents, this occurs 
during the perinatal period and again during the peripu- 
bertal period. In humans, this occurs during the second 
trimester and, then again, during the peripubertal period. 
Exposure to testosterone (which is converted to estradiol in 
some areas of the brain) during early brain development 
influences neuronal survival, differentiation, and con¬ 
nectivity. During the peripubertal period, less is known 
about the extent of hormonal influences, but neuronal 


and dendritic pruning, as well as neuronal reorganization, 
are thought to occur when the brain is exposed to ovarian or 
testicular hormones at the onset of puberty. As a result of 
these periods of hormone exposure, the brains of adult 
males and females are sexually dimorphic (Becker et al. 
2005, 2008). 

In concert with the sexual dimorphisms caused by the 
processes involved in sexual differentiation, there may 
also be sex differences in brain function produced in 
response to exposure to gonadal hormones in the adult. 
This second type of sex difference can be either due to the 
effects of gonadal hormones acting on sexually dimorphic 
brain regions or as a result of the different effects induced 
by ovarian versus testicular hormones, which in some 
neural regions may decrease differences between the sexes. 

Gonadal hormones are by definition sexually dimor¬ 
phic, since males have testes that produce androgens and 
females have ovaries that produce ► estrogens and ► pro- 
gestins. They are also dimorphic in their patterns of 
secretion. Testicular hormones are secreted in a tonic 
pattern, and feedback of testosterone to the brain main¬ 
tains the rate of pituitary hormone secretion that sustains 
a constant rate of spermatogeneisis in the testes. Ovarian 
hormones are released in a cyclic manner. First, estradiol 
is released gradually during the development of the fol¬ 
licle that nourishes the development of the egg (folli¬ 
cular phase). Then, a rapid increase in estradiol induces 
the hormonal trigger to induce ovulation (periovulatory 
phase). Finally, in some species, estradiol and progester¬ 
one are released to prepare the womb for implantation of 
a fertilized egg (luteal phase) (Becker et al. 2005, 2008). 

Unlike many pharmacological agents, in general, 
gonadal hormones do not activate or inhibit specific 
behaviors; instead, they prepare an individual to be able 
to engage in a particular behavior should the appropriate 
conditions arise (e.g., sexual behavior) or modulate the 
behavior that is exhibited (e.g., the behavioral response 
to ► amphetamine in females). One exception to this 
rule is the anxiolytic effects of progesterone and its 5oc- 
reductase-derived metabolites, which are produced in the 
brain and are known as ► neurosteroids. 

Mechanisms of Action 

Gonadal hormones are steroidal in chemical structure, 
so they are lipophillic and act at both intracellular and 
membrane-associated receptors. The primary intracellu¬ 
lar receptors have been well characterized. When bound to 
the ligand the receptor-ligand complex dimerizes and 
then binds to the DNA to initiate transcription. Activa¬ 
tion of this receptor mechanism requires hours to days 
for a response to be observed. There are two forms of the 
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estradiol receptor (ER), known as ERa and ER|3. One of the 
products of ER activation is the progesterone receptor (PR) 
which has two isoforms, PR-A and PR-B (Mani 2008). Only 
one form of the intracellular androgen receptor (AR) has 
been identified to date. Males and females tend to express 
intracellular ER, PR, and AR in the same brain regions, but 
there are sex differences in the number of receptors 
expressed, with females expressing more ER and PR than 
males, and males expressing more AR than females. 

Membrane receptors for the gonadal hormones have 
been identified only recently. In the case of progesterone, a 
novel receptor with seven transmembrane domains that 
activates a G-protein-mediated intracellular signaling path¬ 
way has been identified in vertebrates with two isoforms. 
The nuclear PRs are also thought to be found at the cell 
membrane after palmitylation, which anchors the nuclear 
receptor to the membrane. The nuclear PRs at the mem¬ 
brane also activate G-protein-mediated intracellular signal¬ 
ing pathways, but the exact nature of the interaction is not 
yet known (Mani 2008). For estradiol, two novel mem¬ 
brane receptors have been identified, GPR30 and Gq-mER; 
both activate G-protein-mediated, intracellular signaling 
pathways. As was seen with progesterone, nuclear ERs are 
also found at the cell membrane to activate G-protein- 
mediated intracellular signaling pathways. In the case of 
the ERs, palmitylation may also be involved, and the ERs 
are thought to associate with caveolin-1 and/or caveolin-3 
as well to maintain their position in association with the 
membrane (Boulware et al. 2007; Micevych et al. 2009). 
It is not yet clear how the nuclear ERs (or PRs) are 
positioned relative to the membrane so that the ligand 
can be bound and intracellular pathways activated. In 
some brain regions, it is thought that ERs associate with 
► metabotropic glutamate receptors to gain access to 
intracellular signaling pathways (Boulware et al. 2005). 
The rapid actions of androgens have been well documen¬ 
ted in the brain and other tissues. The nuclear AR is 
implicated in many of these effects, and it is likely that 
there are also novel membrane ARs yet to be discovered. 

Gonadal Hormone Modulation of Drug Effects 
in the Brain 

Stimulant Drugs 

In both rats and humans the behavioral effects of ► drugs 
of abuse, and the ► psychomotor stimulants in particular, 
are both sexually dimorphic and modulated by the go¬ 
nadal steroid hormones. With repeated intermittent ex¬ 
posure to ► cocaine or ► amphetamine, the behavioral 
response exhibited is enhanced with each drug exposure. 
This is referred to as behavioral ► sensitization, is different 


in males and females, and is differentially affected by 
gonadal steroid hormones. For example, intact females 
exhibit more robust sensitization than do intact males. 
Following ovariectomy (OVX) of female rats, the expression 
of sensitization to amphetamine is attenuated or suppressed 
altogether relative to intact female rats. Estradiol treatments 
in OVX rats enhance sensitization of locomotor activity 
induced by amphetamine or cocaine (Becker and Hu 
2008; Carroll et al. 2004). 

These effects of gonadal hormones are relevant to 
addiction, where sex differences have been reported dur¬ 
ing all phases of the addiction process. Women tend to 
become addicted to drugs more rapidly than men and 
to escalate drug use at a greater rate. In animal models, 
when a low dose of a drug is used, female rats acquire 
cocaine ► self-administration at a faster rate than do 
males. The role of gonadal hormones can be seen when 
estradiol is given just before a self-administration session, 
as estradiol treatment enhances acquisition of cocaine self¬ 
administration in OVX female rats and treatment with the 
estradiol antagonist, tamoxifen, inhibits acquisition in in¬ 
tact females. In male rats, estradiol does not enhance ac¬ 
quisition or cocaine intake, so the brains of males and 
females are sexually dimorphic in this regard (Becker and 
Hu 2008; Carroll et al. 2004; Walker et al. 2006). 

During maintenance conditions, when given a choice 
between two doses of cocaine, female rats in estrus pre¬ 
ferred higher doses of cocaine when compared with females 
in other phases of the estrous cycle or male rats. When the 
role of estradiol in “binge” cocaine intake and subsequent 
motivational changes is examined, estradiol treatment 
increases the initial binge length and total levels of cocaine 
self-administration. Another way to assess motivation is to 
use a ► schedule of reinforcement in which the number of 
responses required to obtain a cocaine infusion progres¬ 
sively increases with each dose received. Under this 
“►progressive ratio schedule,” intact female rats reach 
much higher final ratios than do males, indicating that 
females are more motivated to obtain cocaine. Females 
also work harder for access to cocaine during the phase of 
the estrous cycle when estradiol is elevated, indicating that 
ovarian hormones modulate the motivation to obtain 
cocaine. In fact, estradiol treatment enhances responding 
for cocaine on a progressive ratio schedule. These results 
show that estradiol influences acquisition of cocaine self¬ 
administration, and that there are motivational effects of 
estradiol on cocaine intake (Becker and Hu 2008). 

In contrast to estradiol, progesterone treatment given 
concurrently with estradiol counteracts the effect of 
estradiol on acquisition of cocaine self-administration 
behavior. We have recently confirmed this finding and 
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understand that progesterone not only affects cocaine self¬ 
administration, but also enhances cocaine intake in estradi¬ 
ol-primed OVX rats. Taken together, ovarian hormones 
contribute to sex differences in cocaine self-administration, 
and estradiol in particular is a key factor influencing the 
reinforcing effects of cocaine in female rats. So, over the 
course of the estrous cycle, there are peaks and valleys 
during which females are more or less susceptible to the 
reinforcing properties of cocaine and other drugs of abuse. 

As discussed above, our understanding of the mechan¬ 
isms mediating the effects of estradiol and progesterone in 
the areas of the brain that mediate the response to drugs of 
abuse is evolving rapidly. For the most part, we believe that 
the effect of drugs of abuse on the ascending ► mesotelen- 
cephalic dopamine (DA) system is necessary for the 
addictive and motivational properties of these drugs. 
The acute administration of estradiol to OVX rats 
induces a rapid increase in amphetamine- or cocaine- 
induced DA release in ► nucleus accumbens or striatum. 
Estradiol also induces an increase in striatal DA turnover 
and downregulates D2-class DA receptors. These effects 
have been shown to be due to the direct effect of estradiol 
on the striatum and nucleus accumbens, presumably at 
membrane receptors for estradiol. Finally, estradiol induces 
an increase in PRs in the striatum, and progesterone also 
acts directly on the estradiol-primed striatum to modulate 
DA release (Becker and Hu 2008; Walker et al. 2006). 

In terms of androgens, castration (CAST) of males has 
been reported to enhance sensitization of amphetamine- 
or cocaine-induced psychomotor behavior, although this 
result has not been found consistently. It has been 
hypothesized that if CAST enhances the induction and/ 
or expression of behavioral sensitization, that testosterone 
treatment should reverse this effect. This is not the case, 
however, as testosterone treatment has not been found to 
affect behavioral sensitization in CAST males. Further¬ 
more, there is no effect of CAST on acquisition of cocaine 
self-administration behavior, and a dose of estradiol that 
enhances self-administration in female rats has no effect 
on cocaine self-administration behavior in males. So, it 
does not seem that androgens play a role in modulating 
the motivational effects of drugs of abuse, even though 
hamsters, rats, and humans self-administer testosterone 
and other anabolic steroids all by themselves (Becker and 
Hu 2008). 

Other Psychoactive Drugs 

Gonadal hormones can also affect the response to drugs 
other than the stimulants, but the mechanisms media¬ 
ting the effects are not as well worked out as for the 
psychomotor stimulants. Nevertherless, menstrual cycle 


effects and sex differences in the effectiveness of antide¬ 
pressants and analgesics suggest that the gonadal hor¬ 
mones can modulate a wide variety of drug effects. In 
addition, the effects of gonadal hormones on the phar¬ 
macokinetics and pharmacodynamics of a drugs action 
must always be considered (Becker and Meisel 2007). 

Conclusion 

In summary, the gonadal hormones act in the brain at 
both intracellular and membrane receptors to induce 
changes in brain and behavior. The ovarian hormones, 
estradiol and progesterone, modulate the response to 
cocaine and amphetamine by acting at membrane recep¬ 
tors in the striatum and nucleus accumbens. These effects 
of the ovarian hormones result in sex differences in the 
behavioral responses to these drugs. 
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Synonyms 

Mating behavior; Reproductive behavior 

Definition 

Anaphrodisiac, any compound reducing the intensity of 
sexual behavior. 

Aphrodisiac ; any compound enhancing the intensity of 
sexual behavior or the pleasure derived from such behav¬ 
ior. The term is sometimes used to designate anything that 
increases sexual urges, like in “visual aphrodisiacs,” refer¬ 
ring to sexually exciting pictures or movies. 

Lordosis; a concave dorsiflexion associated with lifted 
rump and the tail moved to one side. This posture exposes 
the vaginal orifice, and is the basic female copulatory 
posture in many mammals. The ease by which lordosis 
is activated is frequently called receptivity. 

Proceptive behavior, stereotyped motor patterns, in 
rodents mainly ear wiggling and hop-darting, typical of 
many female mammals and supposed to indicate a high 
propensity to engage in copulatory behavior. 

Sexual behavior ; any action leading to sexual reward. 
Sexual reward is a state of positive affect activated by the 
physical stimulation of the genitalia or mental representa¬ 
tions of such stimulation. 


Sexual motivation; a concept referring to a set of 
central nervous processes determining the likelihood 
of display of sexual behaviors, and their intensity if 
displayed. 

Impact of Psychoactive Drugs 

A Long Tradition 

The human seems to have been interested in manipulat¬ 
ing sexual urges through pharmacological means since the 
dawn of history. There is anecdotal mention of plants and 
herbs purportedly stimulating or reducing the interest in 
sexual activities in many ancient sources. The search for 
and use of aphrodisiacs have attracted much attention, 
but there has also been made efforts to find ways to 
diminish sexual desire. In the classical Chinese Empires, 
this was achieved by a simple procedure modifying the 
availability of androgens through castration. Eunuchs 
were favored as high state officials during many centuries. 
Likewise, some men of faith, like the Egyptian theologian 
Origen, castrated themselves in order to be relieved from 
sexual temptations. During the Dark Ages, castration was 
no longer an approved practice, but monks are said to 
have prepared and consumed extracts of a plant, the 
common rue (Ruta graveloens), supposed to inhibit sexual 
desire. Despite the existence of occasional efforts to re¬ 
duce sexual behavior, it can safely be stated that the main 
interest has been directed toward ways to enhance it. 
Unfortunately, none of the many suggested aphrodisiacs 
has been shown to have any reliable effect, although most 
of them have never been subjected to clinical or experi¬ 
mental tests. This, by the way, is also the case for the vast 
majority of anaphrodisiacs. However, it is conceivable 
that plants causing a strong sensation of ill-being, as 
Ruta graveloens , temporarily reduce or eliminate interest 
in sexual activity. Nevertheless, it is only with the advent 
of modern pharmacology that scientifically sound studies 
of the effects of xenobiotics on sexual functions have been 
performed (see Riley et al. 1993; Crenshaw and Goldberg 
1996, for classical reviews of the pharmacology of human 
sexual behavior). 

Essential Notions About Sexual Behavior 

Any discussion of drug actions on sexual behavior becomes 
difficult without having some basic notions about this 
behavior. A schematic representation of the basic elements 
of sexual behavior is found in Fig. 1. Prominent among 
these is copulation. In all nonhuman animals, copulation 
is highly stereotyped. Some would even maintain that the 
copulatory acts basically are a series of somatic reflexes. 
However, copulation requires at least two individuals in 
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Sexual Behavior. Fig. 1. The elements of sexual behavior. Distant sexual incentive stimuli, emitted by a potential mate, activate 
approach behaviors. The specific motor patterns involved are determined by the context. If successful, the approach behaviors 
will lead to the establishment of physical contact with the potential mate. Eventually a sequence of stereotyped copulatory 
motor patterns (such as mounting and lordosis in rodents) may be activated. These motor patterns will bring the male genitals in 
contact with the female genitals and normally continue until the deposit of sperm in the female reproductive tract has been 
accomplished. Sperm deposit (ejaculation in the male) is followed by a state of positive affect. Every part of this sequence may be 
modified by drugs. The reactivity to sexual incentives may be enhanced or reduced, having as consequence increased or 
decreased likelihood for the display of sexual approach behaviors. Even the incentive properties of an individual may be altered 
through pharmacological means. However, very little is known about this. The stereotyped copulatory motor patterns 
themselves are rarely affected by drug treatments, but their frequency or number may be affected. Finally, the hedonic 
consequences of sexual activity may be enhanced or reduced by drugs. There are few experimental studies of drug-induced 
modifications of postcopulatory affective states. However, the opioid antagonist ► naloxone has been shown to block the 
postcopulatory hedonic state in male and female rats. See Agmo (2007) for an extensive discussion of the sequence of sexual 
behaviors. 


physical proximity. In fact, behaviors leading to approach 
to a potential mate always precede the execution of copu¬ 
latory behaviors. Approach behaviors are extremely vari¬ 
able, and determined by the prevailing context. The 
intensity of approach to a potential sexual partner is an 
exquisite indicator of the intensity of the urge to engage in 
sexual activities, or sexual motivation. In nonhuman ani¬ 
mals, the display of copulatory reflexes is as dependent on 
sexual motivation as sexual approach and proceptive 
behaviors are. However, the human may engage in copu¬ 
latory behaviors because she/he is forced to do so (the 
term for most such activities is rape), or as part of a 
business arrangement (often called prostitution), even in 
the absence of sexual motivation. It is not entirely clear 
whether nonhuman animals also may engage in sexual 
behaviors without an active sexual motivation. In the case 
of rodents, all available data suggest that sexual motiva¬ 
tion is a requisite for the display of sexual behaviors. With 
these rare exceptions, the intensity of sexual motivation 
determines the likelihood of display of sexual approach 
behaviors and their intensity as well as the likelihood of 
display of copulatory acts and their intensity. It can be 
maintained that all drug actions on sexual behaviors are, 
in fact, actions on motivation. It must be noted that differ¬ 
ent neurobiological processes underlie different aspects of 
sexual behavior. The neural systems crucial for sexual ap¬ 
proach may be different from those controlling seminal 
emission and ejaculation, for example (Agmo 2007). This 


means that a drug may affect the latter without modifying 
the former. No effort will be made to present a compre¬ 
hensive list of drugs that may affect sexual behaviors. The 
following brief review is limited to compounds that has 
attracted more than occasional attention, and for which 
reasonably consistent and sound experimental data are 
available. A short summary of the effects of manipulations 
of the most studied neurotransmitters is found in Table 1 . 

Drugs Enhancing Sexual Motivation 

Any increase in sexual motivation leads to an increase in 
one or more of the sexual behaviors. However, not all 
increases in the intensity of sexual behaviors should be 
attributed to an increment of sexual motivation. In males, 
including men, penile erection is a requisite for sexual 
behavior in the form of penile-vaginal intercourse and for 
some other forms of penetrative sex. Thus, the frequency 
of copulation is by necessity low in males suffering from 
► erectile dysfunction. Such males will display more sex¬ 
ual behavior when using ► sildenafil, tadalafil, or some 
other of the phosphodiesterase-5 inhibitors than when trea¬ 
ted with ► placebo. This is also the case for men using 
intra-penile treatments or centrally acting, erection¬ 
enhancing drugs such as ► apomorphine. Nevertheless, 
drugs facilitating erection, regardless of their site of ac¬ 
tion, are usually not considered as stimulating sexual 
motivation. This also holds for treatments promoting 
vaginal lubrication, although such treatments well may 
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Sexual Behavior. Table 1. Effects on sexual behaviors of manipulations of the activity in major neurotransmitter systems. 


Transmitter 

Drug action 

Effect in males 

Effect in females 

Acetylcholine 

Muscarinic agonists 

Facilitation 

Facilitation 3 


Muscarinic antagonists 

Inhibition 

Inhibition 

Dopamine 

Nonselective or selective agonists 

Stimulation or 

no effect 

Inhibition or 

no effect 


Nonselective or selective antagonists 

Inhibition 

Facilitate lordosis 

GABA 

Agonists 

Inhibition 

Inhibition 


Antagonists 

Facilitation 

Inhibition or facilitation 3,13 

Noradrenaline 

a 2 antagonists 

Facilitation 

Facilitation 

Endorphins/enkephalins 

Agonists 

Inhibition 

Inhibition or facilitation 13 


Antagonists 

No reliable effect 

Inhibition or facilitation 13 

Oxytocin 

Agonists 

Antagonists 

Facilitation 

Inhibition 

Facilitation 

Serotonin 

Precursor 5-hydroxytryptophan (5-HTP) 

Inhibition 

Inhibition 


Synthesis inhibition (PCPA) 

Stimulation 

Stimulation 


Neurotoxin(5,7-dihydroxytryptamine) 

Facilitation 

Facilitation 


5-HT 1A agonists 

Facilitation 

Inhibition 


5-HT 2A /c agonists 

Inhibition 

Facilitation 


Only the most consistently reported effects are mentioned. Facilitation includes enhanced receptivity and/or increased proceptivity in females, 
and reduced latencies to mount, intromit, or ejaculate in males. Inhibition includes reduced receptivity and/or reduced proceptivity in females 
and enhanced latencies to mount, intromit, or ejaculate in males. Many other effects on subtle details of sexual behaviors have been described in 
addition to those mentioned, but they are ignored here (see Argiolas 1999; Paredes and Agmo 2004; Hull and Dominguez 2006, for reviews). 
Several additional transmitters/modulators have been shown to modify sexual behaviors, but our knowledge about these is at a very preliminary 
stage, making it too adventurous to summarize their actions 
facilitation observed in partly receptive rats 
b Depending on site of intracerebral infusion 


enhance the frequency of intercourse. A drug considered 
as stimulating sexual motivation should not render sexual 
activity possible. Instead, it should enhance the urge to 
engage in sexual activity and/or improve the performance 
of copulatory acts. 

► Acetylcholine. It has been reported that muscarinic 
agonists facilitate ejaculatory mechanisms in male rats. 
The number of intromissions necessary to trigger ejacula¬ 
tion has repeatedly been found to be reduced after treat¬ 
ment with oxotremorine. Muscarinic agonists have also 
been found to facilitate lordosis in females injected with a 
low dose of estradiol, by itself producing a low level of 
sexual behavior. 

► Dopamine. Agonists reliably facilitate copulatory 
behavior in males with a low baseline level of sexual 
activity, but their effect in males with a normal activity 
level is highly variable from one study to another, and 
frequently it is none. A few studies have evaluated the 
intensity of sexual approach behaviors in male and female 
rats after treatment with drugs facilitating dopaminergic 
neurotransmission, such as ► amphetamine or apomor- 
phine, usually without finding any consistent effect. To 


the contrary, dopamine antagonists have been found to 
facilitate lordosis in female rats. Strangely enough, apo- 
morphine administered directly into the ventromedial 
nucleus of the hypothalamus has been found to facilitate 
lordosis in estrogen primed, ovariectomized females. 

► Noradrenaline. Adrenergic o t 2 antagonists such as 

► yohimbine and atipamezole have been reported to fa¬ 
cilitate copulation and sexual approach in male rats, but 
these studies needs to be extended before a firm conclu¬ 
sion can be proposed. There are also some data showing 
facilitated sexual behavior in both male and female 
stump-tail macaques after treatment with atipamezole. 

Peptides. Among the peptide neurotransmitters, 

► oxytocin stands out as producing the most reliable 
stimulatory effects on male and female sexual behavior. 
In the case of the female, it is known that estrogens 
enhance the expression of the oxytocin receptor gene as 
well as the oxytocin gene at brain sites relevant for female 
sexual behavior. This has led to the hypothesis that oxy¬ 
tocin is involved in the physiological control of female 
sexual behaviors. There are also data from male rats 
suggesting that oxytocin may enhance sexual behavior. 
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Several other peptides, such as ► orexin, ► leptin, and 
galanin-like peptide, have been reported to facilitate 
different aspects of copulation in rats after intracerebro- 
ventricular or intracerebral administration, but the num¬ 
ber of studies is still too low for any firm conclusion. 
A melanocortin-4 agonist, bremelanotide, has been 
reported to stimulate some aspects of copulatory behavior 
in female rats. The compound was also subjected to clini¬ 
cal trials in the human as a treatment for ► sexual dys¬ 
functions, but these trials have now been abandoned. 

► Serotonin. Drugs reducing serotonergic neurotrans¬ 
mission generally stimulate copulatory behavior in both 
males and females. In male rats, a particularly consistent 
effect has been reported after treatment with 5-HT 1A 
agonists. The numbers of preejaculatory intromissions 
and of the time needed to achieve ejaculation are much 
reduced after such diverse drugs as ► buspirone, lisuride, 
and 8-OH-DPAT. These effects are usually explained as a 
consequence of actions at serotonergic autoreceptors 
within the raphe nucleus, leading to reduced serotonin 
release in the forebrain. Despite the clear-cut effects of the 
agonists, a 5-HT 1A antagonist failed to modify copulatory 
behavior although it reliably blocked the effects of ago¬ 
nists. This observation suggests that there is no tonic 
inhibitory activity at 5-HT 1A receptors in male rats. A 
5-HT 1A agonist/5-HT 2A antagonist, flibanserin (BLMT- 
17), is currently being tested as a treatment for hypoac- 
tive sexual desire disorder in the human female. In vivo 
data suggest that the compound is mainly acting as an 
agonist at the 5-HT 1A receptor. The possible effects of 
other receptor subtype specific 5-HT agonists are less 
clear. Some data suggest that an agonist ((+/—)-l-(2,5- 
dimethoxy-4-iodophenyl)-2-aminopropane, DOI) acting 
at the 5-HT 2A /2 c receptor may facilitate both lordosis and 
proceptive behaviors in female rats. 

Drugs Reducing Sexual Motivation 

In contrast to the mostly failed efforts to enhance sexual 
motivation with drugs, many compounds reliably inhibit 
it. In fact, almost any drug will inhibit sexual motivation 
if the dose is large enough. Sedation, gross motor dis¬ 
turbances, stereotypies, or other drug actions will even¬ 
tually interfere with sexual behaviors. Therefore, the 
present discussion is limited to drugs that appear to 
reduce sexual functions without having dramatic effects 
on other behaviors. 

Acetylcholine. ► Muscarinic antagonists have generally 
an inhibitory action on male and female copulatory be¬ 
havior. There are also some data showing that ► scopol¬ 
amine reduces sexual approach behaviors in female rats 
and proceptive behaviors in monkeys. 


Dopamine. Antagonists reduce copulatory behavior in 
males. Whether the inhibitory effects in males are specific 
to sex behavior or consequences of a generally reduced 
arousal is a matter of debate. Agonists are known to 
inhibit lordosis in females when given in high doses. 
The role of dopamine-dependent activation of competing 
behaviors, in any case, should not be ignored. In moderate 
doses, dopamine agonists have no effect in fully receptive 
females. 

► GABA. Systemic treatment with GABA agonists are 
always inhibitory in both males and females, but the doses 
needed are almost always of such a magnitude that motor 
functions are compromised, and effects on sexual behav¬ 
ior may be secondary to motor effects. The intracerebral 
administration of GABAergic compounds has variable 
effects, again depending on the site of infusion. It is 
most likely so that GABA agonists will reduce nervous 
activity at the site of infusion, while the antagonists will 
have an excitatory effect. Indeed, the effects of locally 
infused GABA agonists are similar to those of a lesion, 
and GABA antagonists have effects similar to those of 
electrical stimulation. 

► Opioids. Chronic use of opiates is known to reduce 
sexual behaviors in human males, and acute as well as 
chronic treatment reduces it in male rats. Since opiates 
inhibit gonadotropin release, it is possible that the delete¬ 
rious effects of chronic opiate use are caused by reduced 
testosterone availability. In male rats, acute treatment with 
an opiate agonist that does not penetrate the ► blood- 
brain barrier blocks sexual behavior as efficiently as 
morphine, suggesting that peripheral actions may be of 
importance. However, the intracerebral administration of 
large doses of opioid receptor agonists also reduces male 
sexual behavior. In females, studies employing the intra¬ 
cerebral infusion of compounds acting at opioid receptors 
have provided evidence for both facilitation and inhibi¬ 
tion of lordosis. Facilitation was observed after infusion 
into the ventromedial nucleus of the hypothalamus while 
inhibition was observed when drugs were infused into the 
medial preoptic area. Both effects may be mediated by the 
5 opioid receptor. 

Peptides. Oxytocin receptor antagonists or ► antisense 
oligonucleotides directed against the oxytocin receptor 
consistently reduce lordosis. ► Neuropeptide Y has also 
been reported to inhibit sexual behavior in male and 
female rats. 

► Serotonin. Compounds facilitating serotonergic 
neurotransmission inhibit copulatory behavior and sexual 
approach behaviors in rodents. These effects do not seem 
to be secondary to drug actions on other behaviors. 
Efficient drugs range from the serotonin precursor 
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5-hydroxytryptophan (5-HTP) through the ► selective 
serotonin reuptake inhibitors (SSRIs) to several receptor 
agonists. Lordosis is consistently inhibited by 5-HT 1A 
agonists. It should be observed that the effects of 
5-HT 1A agonists are completely different in males and 
females. 5-HT1 a antagonists usually fail to facilitate lor¬ 
dosis , suggesting that there is no tonic inhibitory activity 
at 5-HT 1A receptors. The inhibitory effects of serotonin 
agonists are not limited to rodents. In the clinical use of 
the SSRI antidepressants, one of the main adverse effects 
is reduced sexual function, both in men and women. The 
specific serotonin receptor involved in this effect is un¬ 
known. However, in male rats a 5-HT 1B antagonist blocks 
the inhibitory effect of 5-HTP, suggesting that the 5-HT 1B 
receptor is crucial for the inhibitory actions. Other sero¬ 
tonin receptors may also inhibit sexual behavior. For 
example, a selective 5-HT 2 c antagonist has been found 
to reduce sexual motivation in female rats tested in a 
procedure similar to the natural mating situation. There 
is also some evidence suggesting that DOI inhibits copu- 
latory behavior in male rats through actions on the 
5-HT 2A receptor. It should be noted that DOI facilitates 
female copulatory behavior. Here we might have another 
example of the opposite actions of serotonergic drugs in 
males and females. 

Conclusion 

It is certainly too simplistic to imagine that a complex 
behavior like sex is controlled by a single neurotransmit¬ 
ter. This proposal holds both for sexual approach beha¬ 
viors and for the copulatory reflexes. As well it is probably 
too simplistic to imagine that a particular aspect of sexual 
behavior, for example, lordosis, is controlled by a single 
transmitter. Likewise, although the medial preoptic area is 
required for the performance of all elements of male 
sexual behavior and the ventromedial nucleus of the hy¬ 
pothalamus is necessary for all aspects of female sexual 
behavior, it is too simplistic to believe that drug actions 
within these structures can explain the effects observed 
after systemic drug treatments. Manipulations of one 
transmitter system will certainly modify the activity of a 
host of other transmitter systems, and alterations within a 
particular structure will alter the activity of other struc¬ 
tures. Finally, receptor agonists may have actions that the 
endogenous ligand never has, because of a mismatch 
between receptor localization and sites of endogenous 
transmitter release. All these facts make it extremely 
risky to try to elucidate the physiological control of the 
sexual behaviors through pharmacological means. How¬ 
ever, if we are interested in finding compounds that can 
enhance or reduce some particular aspect of the sexual 


behaviors, then there is no need to consider whether the 
drug’s action is part of the physiological control of sex 
behaviors or not. A pure description of drug effects is 
sufficient and interesting by itself. 
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Definition 

Sexual disorders are common in the general population and 
have a high prevalence in certain psychiatric populations. The 
Diagnostic and Statistical Manual of Mental Disorders, 
fourth edition (► DSM-IV-TR), divided sexual disorders 
into two groups: (1) sexual dysfunctions, defined as 
psychophysiological impairment of sexual desire and/or 
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of sexual response cycle and (2) paraphilias, defined as 
recurrent, intense sexual urges or behaviors that cause 
marked distress and involve unusual objects or activities. 

Sexual Dysfunctions 

Sexual dysfunction is best understood by having knowl¬ 
edge of the stages of the normal sexual response, which 
vary with age and physical status. The five-step model of 
Masters and Johnson has been elaborated into phases of 
excitement (arousal), plateau (maximum arousal prior 
to orgasm), orgasm (involving muscular contractions at 
0.8 s intervals), resolution (return to baseline), and refrac¬ 
tory period (a recovery stage during which another or¬ 
gasm is not possible; in men this stage increases with age, 
whereas women have no refractory period). The triphasic 
model of Kaplan includes desire, excitement (arousal, a 
vascular phenomenon, mediated by innervation of the 
parasympathetic nervous system, specifically the second, 
third, and fourth sacral segments of the spinal cord), and 
orgasm (a muscular reaction, mediated by innervation of 
the sympathetic nervous system, whose reflex center is in 
the lumbar cord). 

Changes in sexual response are associated with aging. 
In females, having decreased levels of estrogen leads to 
less vaginal lubrication and narrowing of the vagina. 
Males are slower to achieve an erection and need more 
direct stimulation of the penis to achieve an erection. 
Sexual dysfunction can be primary (life-long) or second¬ 
ary (acquired), and it may be generalized (occurring in all 
circumstances) or situational (limited to certain types of 
stimulation, situations, or partners). Medications, ► drugs 
of abuse, diseases, injuries, and psychological conditions 
can affect the sexual response in any of its component 
phases and can lead to different dysfunctional syndromes. 
The emphasis on biological treatment in this chapter is 
not intended to minimize the importance of psychologi¬ 
cal interventions. 

In DSM-IV-TR, sexual dysfunctions are categorized as 
follows: 

1. Desire phase disorders in males and females 

— Hypoactive sexual desire disorder denotes persis¬ 
tently deficient sexual fantasies and an infrequent 
desire for sexual activity. 

— Sexual aversion disorder reflects a persistent and 
extreme aversion to, and avoidance of, all or al¬ 
most all genital sexual contact with the sexual 
partner. 

2. Arousal phase disorders 

— Female sexual arousal disorder involves a persistent 
inability to attain or maintain the lubrication/ 


swelling response of sexual excitement until com¬ 
pletion of the sexual act. 

— Male erectile disorder consists of the inability to 
attain or maintain a satisfactory erection until 
completion of sexual activity. 

3. Orgasm phase disorders 

— Female orgasmic disorder is a condition in which 
there is a persistent delay in, or absence of, orgasm 
following normal excitement. 

— Male orgasmic disorder involves a persistent delay 
in, or absence of, orgasm following a normal sex¬ 
ual excitement phase. It is infrequent and usually 
restricted to failure to reach orgasm in the vagina 
during intercourse, although orgasm can occur 
with masturbation and/or with a partner’s manual 
or oral stimulation (retarded ejaculation). This 
condition must be differentiated from retrograde 
ejaculation, where the bladder neck does not close 
off properly during orgasm, causing semen to 
spurt backward into the bladder, which can cause 
infertility. 

— Premature ejaculation is comprised of persistent 
ejaculation with minimal stimulation before or 
after penetration and before the person wishes it. 
It is the most common male sexual disorder. 

4. Sexual pain disorders 

— Dyspareunia involves persistent genital pain be¬ 
fore, during, or after sexual intercourse in either 
the male or the female. If the pain is caused solely 
by vaginismus or a lack of lubrication, the diagno¬ 
sis of dyspareunia is not made. 

— Vaginismus denotes persistent involuntary spasm 
of the musculature of the outer third of the vagina 
that interferes with intercourse. It can be life-long 
with an abrupt onset following the first attempt at 
penetration, or occur suddenly following a sexual 
trauma or a medical condition. 

Paraphilias 

DSM-IV-TR delineates eight categories of paraphilias, all 

involving recurrent, intense, sexually arousing fantasies, 

sexual urges, or behaviors occurring over a period of at 

least 6 months: 

1. Exhibitionism involves exposure of one’s genitals to an 
unsuspecting stranger. 

2. Fetishism denotes the use of nonliving objects. 

3. Frotteurism consists of touching and rubbing against a 
nonconsenting person. 

4. Pedophilia describes sexual activity with prepubescent 
children. 
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5. Sexual masochism reflects the act of being humiliated, 
beaten bound, or otherwise made to suffer. 

6. Sexual sadism denotes acts in which the psychological 
or physical suffering of the victim is exciting to the 
person. 

7. Transvestic fetishism consists of cross-dressing. 

8. Voyeurism involves the act of observing an unsuspect¬ 
ing person who is naked, in the process of disrobing, 
or engaging in sexual activity. 

Role of Pharmacotherapy 

Treatment of Sexual Dysfunction in Women 

When education, lifestyle, communication, and behavior¬ 
al changes do not achieve the desired level of success, 
pharmacological therapy can be utilized to treat sexual 
dysfunction in women. 

Estrogen 

Estrogen replacement therapy (ERT) may positively affect 
sexual function in a number of ways. Estrogens rapidly 
restore the superficial cell layer of the vaginal epithelium, 
reestablish elasticity, restore the balance in vaginal pH, 
improve mood, and increase blood flow to enhance lubri¬ 
cation. Short-term studies of estrogen replacement thera¬ 
py have confirmed a benefit in some postmenopausal 
women with sexual dysfunction. However, not all studies 
have demonstrated positive results, possibly because 
women most likely to respond are those with symptoms 
of hypoestrogenism. Any short-term positive effect of oral 
estrogen may diminish in long-term use because of in¬ 
creasing sex hormone binding globulin (SHBG) levels, 
which lead to reduced estrogen and androgen bioavail¬ 
ability, and consequent decreased desire and activity. The 
increase in SHBG appears to be less significant in women 
who use non-oral delivery system for ERT. Vaginal estro¬ 
gen is highly effective for treating genitourinary atrophy 
symptoms, in particular, the vaginal dryness and dyspar- 
eunia. Water-soluble lubricants are also helpful for 
continued sexual activity. 

Progestin 

Progestin agents downregulate the estrogen receptor, a 
desired result in the endometrium, but potentially unde¬ 
sirable in the brain, heart, bone, and genitalia. Progestins 
generally have an overall negative effect in the central 
nervous system (CNS) with respect to depression and 
mood, and have been shown to decrease sexual desire and 
diminish vaginal blood flow. Available options include 
micronized progesterone (MP) and 19-nortestosterone 


derivatives, norethindrone acetate (NA), and norgestimate 
(NGM). When estrogen is given with progestin, the eff¬ 
ect on SHBG depends upon the type of progestin used. 
19-nortestosterone-derived progestins decrease the SHBG 
levels. Newer studies in progress with more modern com¬ 
binations of progestin with estrogen and androgens will 
provide better insight into the progestational effects on 
sexuality. 

Androgens 

Androgens play an important role in physiologic aspects 
of the female sexual response. However, the effect of 
androgen therapy on sexual function in women is con¬ 
troversial. Some studies have reported improvements in 
libido, sexual arousal, and the frequency of sexual fanta¬ 
sies with testosterone therapy in a variety of forms. The 
observation that testosterone therapy may result in im¬ 
provement in mood and well-being is felt by some 
researchers to be most important. The central sex ster¬ 
oid’s effect on mood may be what underlies sexual func¬ 
tion in both women and men. Potential side effects of 
androgens include a decline in serum high-density lipo¬ 
protein (HDL) cholesterol with oral preparations and 
mild cosmetic side effect such as hirsutism and acne. 
Testosterone preparations include creams, gels, and 
tablets that can be taken orally or used sublingually. 
They are not approved in the US FDA, but one product 
approved in Europe for postmenopausal women is a 
transdermal testosterone patch. Many clinicians have 
tried creams that are used for vulvar dystrophies made 
up with 2% testosterone propionate. Others have ta¬ 
pered down the potency using micronized testosterone 
0.5% up to 1%, and rarely 2%. Creams were applied first 
on the inside of the forearms or thighs, while later para- 
clitoral use became common. The creams seemed to 
work better paraclitorally in patients with sexual arousal 
disorder than in those with hypoactive sexual desire 
disorder. Studies on the use of dehydroepiandosterone 
(DHEA) have shown an increase in energy level, well¬ 
being, sexual satisfaction, and sexual function only in 
women with primary and secondary adrenal insufficien¬ 
cy. There are no receptors for DHEA and side effects 
occur due to conversion to testosterone and then to 
estrogen. Combination therapy with oral estrogen and 
methyltestosterone also improved sexual interest/desire 
in postmenopausal women who were experiencing 
hypoactive sexual desire. The data that androgen therapy 
significantly improves sexual functioning are suggestive, 
but not conclusive. No guidelines for androgen therapy 
for female sexual dysfunction are available. Women most 
likely to benefit from androgen therapy are probably 
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those who have undergone bilateral oophorectomy with 
hysterectomy. Women with hepatic disease, a history of 
breast cancer, uncontrolled hyperlipidemia, acne, or hir¬ 
sutism should not be treated. Baseline free and total 
testosterone levels, liver function tests, and lipid profile 
should be obtained prior to initiating therapy. Liver 
function tests and lipids should be monitored every 6 
months during therapy. Women should be current on 
cervical and breast screening. 

Herbal Therapies 

► Yohimbine has been reported to enhance desire, arous¬ 
al, and orgasm in women with sexual dysfunction second¬ 
ary to ► selective serotonin inhibitors (SSRIs), but results 
are inconclusive. Side effects of yohimbine can be serious 
and include dizziness, anxiety, hyperstimulation, nausea, 
renal failure, and seizures. Yohimbine should not be taken 
together with ► tricyclic antidepressants, ► phenothia- 
zines, clonidine, or other drugs or supplements for lower¬ 
ing blood pressure. 

L-arginine, an amino acid, has been touted as the 
natural sildenafil due to the claimed ability to release 
nitric oxide, causing increased vasoconstriction in the 
genitalia of both sexes. It causes side effects such as hypo¬ 
tension, dizziness, headache, and nausea. 

Future Therapies 

Tibolone is a synthetic hormone, currently available in 
Europe and Australia. Tibolone is used in women to 
relieve symptoms of menopause and to prevent osteopo¬ 
rosis. It has not been approved by the US FDA. Its meta¬ 
bolites have estrogenic, androgenic, and progestational 
effects. Oral tibolone is found to increase vaginal lubrica¬ 
tion, arousability, and sexual desire. 

► Sildenafil, a phosphodiesterase-5 inhibitor, in pre¬ 
liminary findings demonstrated positive effects in the 
areas of sexual arousal and orgasm in appropriately se¬ 
lected women, but several large studies have yielded in¬ 
conclusive results. It has been reported to reverse 
anorgasmia associated with SSRIs. 

► Apomorphine SL, a non-ergoline dopamine ago¬ 
nist, has been reported to improve sexual desire and 
function in premenopausal women with hypoactive sexu¬ 
al desire. Apomorphine SL is not FDA approved for this 
indication. Its side effects include hypotension, dizziness, 
bradycardia, headache, sedation, and nausea. 

Treatment of Sexual Dysfunction in Men 

The three major forms of male sexual dysfunction are 
erectile dysfunction, ejaculatory dysfunction, and de¬ 
creased libido. 


Erectile Dysfunction 

Therapy in men with ► erectile dysfunction is aimed 
at restoration of the two vital sexual functions: the 
capacity to acquire and sustain penile erection and to 
reactivate libido. Erectile dysfunction can also be a side 
effect of antidepressant and antipsychotic therapy. 
Optimal treatment varies with the cause of the erectile 
dysfunction. 

For first-line therapy, the ► phosphodiesterase-5 
(PDE-5) inhibitors are recommended because of their 
efficacy, ease of use, and favorable side effect profile. The 
three ► PDE-5 inhibitors, sildenafil, vardenafil, and tada- 
lafil, appear to be equally effective, but tadalafil has a 
longer duration of action. The rationale for the use of 
PDE-5 inhibitors is based upon the role of nitric oxide- 
induced vasodilatation. Nitric oxide release triggers the 
production of cyclic guanosine monophosphate (cGMP), 
which leads to decreased intracellular calcium, smooth 
muscle relaxation, and penile erection. All available 
PDE-5 inhibitors work by inhibiting the degradation of 
cGMP. They are highly specific, vary somewhat in selec¬ 
tivity for other phosphodiesterase enzyme types, and 
differ in duration of action. Common side effects include 
dyspepsia, flushing, rhinitis, and headache. The use of 
PDE-5 inhibitors with nitrates is contraindicated by the 
risk of severe hypotension. PDE-5 inhibitors should be 
used cautiously with alpha-blockers (because of the risk of 
hypotension) and in men with aortic stenosis, recent myo¬ 
cardial infarction, unstable angina, heart failure, arrhyth¬ 
mias, degenerative retinal disease, or poorly controlled 
hypertension. The rare possibility of priapism exists, and 
patients should be instructed to seek emergent medical 
attention if erection persists for more than 4 h without 
sexual stimulation. Cases of sudden loss of vision or 
hearing have been associated with PDE-5 inhibitors. Sil¬ 
denafil also causes blue vision in 3% of men. This effect 
usually lasts for 2-3 h and disappears spontaneously. For 
maximum effectiveness, sildenafil should be taken orally 
about 1 h before a planned sexual encounter. The initial 
dose should be 50 mg, reduced to 25 mg if side effects 
occur. If the drug is well tolerated but the erectile response 
is not fully satisfactory, the dose can be increased to 
100 mg. The duration of action is approximately 4 h. 
Vardenafil shares a similar structure, onset of duration of 
action and side effect profile with sildenafil. It is available as 
10 and 20 mg doses. Tadalafil differs in chemical structure, 
has an equally rapid onset but longer duration (24-36 h) 
and does not cause blue vision, but otherwise shares a 
similar side-effect profile with the other two PDE-5 inhi¬ 
bitors. The recommended starting dose for as-needed 
use is 10 mg, increasing to 20 mg if necessary. Lower 
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doses of tadalafil (2.5 mg, 5 mg) are available for once 
daily administration. This approach appears to be as 
effective as taking higher doses on an as-needed basis. 
Sildenafil and vardenafil must be taken on an empty 
stomach, while tadalafil can be taken without regard to 
food. 

Intrapenile injection therapy with alprostadil (prosta¬ 
glandin E), papaverine, and phentolamine has been used 
to induce erection. Since the advent of PDE-5 inhibitors, 
these approaches are rarely used. In the early days of 
penile self-injection therapy, papaverine proved to be 
more reliable than phentolamine in producing an erec¬ 
tion. Papaverine is a parenteral vasodilator with marginal 
efficacy in peripheral vascular disease, while phentol¬ 
amine is an alpha-adrenergic blocker. Alprostadil and 
papaverine are still used in monotherapy, and all three 
drugs can be given together. Intrapenile injection is 
recommended 10-20 min before intercourse and may 
require additional penile stimulation. Limitations of 
these agents include penile pain, lack of efficacy and 
need for self-injection. Priapism occurs in 6% of men who 
use intrapenile alprostadil and about 11% of those who use 
intrapenile papaverine. 

Intraurethral alprostadil provides a less invasive alter¬ 
native to intrapenile injection. After insertion of the al¬ 
prostadil into the urethra 5-10 min before intercourse, 
the penis should be massaged for up to 1 min to ensure 
equal distribution in the corpora cavernosae. The 
drug can be used twice daily. It is not recommended 
with pregnant partners. Systemic effects are uncommon 
and complications such as priapism and penile fibrosis 
are less common than after alprostadil given by penile 
injection. 

Off-label use of some other agents may be moderately 
effective in treating erectile dysfunction in men who do 
not respond adequately to PDE-5 inhibitors. Efficacy has 
been reported for ► cabergoline, a dopamine D2 receptor 
agonist used to treat hyperprolactinemia and ► Parkin- 
sons disease; valvular heart disease has been observed at 
higher doses of this drug. Yohimbine, a presynaptic alpha 
2-adrenergic blocking agent, has been used for men with 
psychogenic erectile dysfunction. Treatment is consid¬ 
ered only in those who respond and also tolerate the 
drug’s side effects, which include dizziness, flushing, 
nausea, headache, anxiety, insomnia, hypertension, and 
seizures. Melanocortin receptor agonists, which act on 
the CNS rather than on the vascular system, are being 
developed as a possible new therapy for erectile dysfunc¬ 
tion. PT-141, an intranasal preparation, appears to be 
effective as monotherapy or in combination with PDE-5 
inhibitors. However, significant side effects, including 


flushing and nausea, may limit its clinical utility. This 
agent is not commercially available. 

Premature Ejaculation 

Locally applied anesthetic creams, such as prilocaine/lido- 
caine mixtures, have been found to increase ejaculatory 
latency by approximately 7-10 min. Their major side 
effect is penile hypoanesthesia. The man also must use a 
condom or wash off the cream before vaginal penetration 
to minimize vaginal absorption. 

Although no medications are FDA-approved for this 
indication, case reports have described the use of ► mono¬ 
amine oxidase inhibitors, ► tricyclic antidepressants, and 
► antipsychotics for this off-label use. ► Clomipramine, a 
tricyclic antidepressant with strong serotonergic activity, 
has been shown in ► double-blind trials to be effective in 
treating premature ejaculation on an as-needed basis. 
Clomipramine usually is taken 4-6 h before coitus in 
doses of 25-50 mg. Common side effects are dry mouth, 
nausea and fatigue. The SSRIs ► paroxetine, ► sertraline, 
and ► fluoxetine also delay ejaculation. Most trials have 
found that the dose needed to delay ejaculation is similar 
to the dose necessary to treat depressive disorders. SSRIs 
require chronic dosing to be effective. Among the SSRIs, 
paroxetine appears to have the greatest effect on ejacula¬ 
tory latency. Paroxetine 20 mg daily can be started as 
initial treatment. Low-doses (0.5- 1 mg) of the benzodi¬ 
azepine ► lorazepam, taken 30 min before coitus, also can 
be effective in some men. Lorazepam has the common 
side effect of sedation. 

Decreased Libido 

For men with sexual dysfunction and low serum testos¬ 
terone levels, testosterone replacement therapy should be 
the initial treatment. If sexual dysfunction is associated 
with testosterone deficiency, testosterone therapy to re¬ 
store normal-range testosterone levels can be achieved 
with transdermal gels, patches, or injections. Current 
recommendations are to attempt to restore serum test¬ 
osterone to mid-normal range. A variety of therapeutic 
approaches are possible. These include 75-100 mg of 
testosterone enanthate or cyproate administered weekly, 
one to two 5 mg patches nightly, 5-10 mg of testosterone 
gel applied daily, or a 30 mg bioadhesive buccal testoster¬ 
one tablet applied every 12 h. Potential side effects of 
testosterone replacement therapy include prostatic hyper¬ 
trophy, increased erythropoiesis, worsened sleep apnea, 
gynecomastia, and fluid retention possibly worsening hy¬ 
pertension and cardiac failure. Follow-up care should 
include routine prostatic specific antigen (PSA), hemato¬ 
crit and serum testosterone levels. 
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Pharmacological Treatment of Paraphilias 

Pharmacological interventions for paraphilias are 
symptom-focused and directed toward ameliorating or 
managing comorbid conditions. The number of medica¬ 
tions used to treat paraphilias has been steadily increas¬ 
ing. Pharmacological interventions fall into three primary 
categories: antiandrogens (testosterone-lowering agents), 
antidepressants, and neuroleptics and other agents. 

Antiandrogens or Testosterone-Lowering Agents 

Use of these drugs in treating paraphilias usually must be 
long-term. Relapse is common upon cessation of the 
medication. Testosterone-lowering agents are the gold 
standard for treating any paraphilic disorder in which 
sex-drive reduction is a desirable component. 

Medroxyprogesterone acetate (MPA) is the most com¬ 
monly used hormonal agent for the reduction of sex drive. 
It reduces levels of testosterone by inducing hepatic tes¬ 
tosterone reductase. The goal of this strategy is to reduce 
baseline testosterone to 50% of initial value. Common 
dosages are 50-300 mg orally or 300-400 mg weekly via 
intramuscular injections. Depot preparations of MPA are 
also available. 

Cyproterone acetate (CPA) blocks androgen recep¬ 
tors, directly decreasing the biological effect of testoster¬ 
one. CPA can be given orally 100 mg daily or 200 mg every 
other week via intramuscular injections. CPA is not avail¬ 
able in the USA. 

Side effects of treatment with MPA and CPA include 
reduced sexual drive and erectile ability, fatigue, depression, 
liver dysfunction, gynecomastia, weight gain, hyperglyce¬ 
mia due to an exaggerated insulin response to a glucose 
load, headaches, and increased risk of deep vein thrombosis. 

Leuprolide and triptoreline are long-acting luteiniz¬ 
ing hormone-releasing hormone (LHRH) agonists. 
LHRH agonists suppress testosterone by decreasing the 
number of pituitary LHRH receptors and testicular 
receptors, thereby desensitizing the testes to luteinizing 
hormone (LH). As a result of their depleting effects, 
levels of circulating testosterone and dihydrotestoster¬ 
one decrease to prepubertal levels. LHRH agonists more 
completely suppress androgen than MPA or CPA. Leu¬ 
prolide and triptoreline are given intramuscularly in 
doses of 3.75 or 7.5 mg monthly. They can cause a 
surge in gonadotropin secretion in the first 2-4 weeks 
of treatment. Because of this effect, patients receiving 
treatment with LHRH agonists should temporarily be 
prescribed an androgen receptor blocker, such as fluta- 
mide. The typical flutamide oral dosage is 250 mg three 
times a day. It can be discontinued after 2-4 weeks. Side 
effects of LHRH agonists are related to hypoestrogenic 


states and consist of erectile failure, hot flashes, and 
decreased bone mineral density. 

Antidepressants 

SSRIs have been proposed for alleviating paraphilic 
symptoms because of their adverse side effects of dimin¬ 
ished sexual desire and arousability. A study comparing 
the effectiveness of ► fluvoxamine, ► fluoxetine, and 

► sertraline in paraphilics found all three effective in 
reducing the severity of fantasies and no significant differ¬ 
ences in overall efficacy. It is unclear whether the SSRIs are 
selectively useful in individuals with a clear obsessive- 
compulsive disorder component, comorbid anxiety, or de¬ 
pressive disorder underlying the paraphilia or, rather, 
whether they have a more generalized usefulness for the 
paraphilias. The SSRIs and other antidepressants are highly 
variable in the degree to which they cause the sexual side 
effects that might be beneficial in managing paraphilias. 

Neuroleptics and Other Agents 

► Neuroleptic agents have been reported to diminish 
paraphilic behavior and fantasies. ► Lithium and ► antic¬ 
onvulsants have been reported to be useful in treating 
sexual impulsivity. However, the successful use of neuro¬ 
leptics and mood stabilizers in treating paraphilias 
may reflect their efficacy for the comorbid ► mania 
or other psychotic states that are often associated with 
paraphilia. 

Cross-References 

► Antipsychotics 

► Benzodiazepine 

► Fluoxetine 

► Lorazepam 

► Monoamine Oxidase Inhibitors 

► Mood Stabilizers 

► Paroxetine 

► PDE-5 Inhibitors 

► Phenothiazines Neuroleptics 

► Phosphordiesterase-5 Inhibitors 

► Selective Serotonin Inhibitors 

► Sertraline 

► SSRIs 

► Tricyclic Antidepressant 
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Sharp Microelectrode Recording 

Definition 

Sharp microelectrode recording denotes the implementa¬ 
tion of intracellular recording techniques using fine micro - 
electrodes that access the interior of the cell by penetrating 
through the membrane. 

Cross-References 

► Intracellular Recording 


Short Interfering RNA 

► Antisense Oligonucleotides 

► siRNA 


Short-Term and Working Memory in 
Animals 

Yogita Chudasama 

Department of Psychology, McGill University, 

Montreal, QC, Canada 

Definition 

Short-term memory refers to a storage mechanism that 
retains information for a limited period of time. In ani¬ 
mals, working memory (WM) is conceptualized as a form 
of short-term memory that encompasses both storage and 
processing functions. In WM, information is not only 
held transiently in mind but also actively manipulated; 
items may be monitored, compared and/or associated to 
other items and incoming information as they are 
recalled. Information in WM is active on the time scale 


of several seconds, and is sensitive to attentional distrac¬ 
tion. The main role of WM is to keep track of relevant 
information, continuously update it, and use it to shape 
behavior in the present. In animals, the prefrontal cortex 
plays a central role in WM, and disruption to its intrinsic 
circuitry or its connectivity with other brain regions leads 
to several cognitive deficits. In animals, a wide range of 
psychoactive agents affect WM. 

Impact of Psychoactive Drugs 

Recently, much attention has been focused on the 
psychopharmacology of WM. Two main developments 
have converged to create this interest. First, there have 
been significant advances in our understanding of the 
anatomy and organization of the neurotransmitter path¬ 
ways in the mammalian brain. These pathways include the 
major monoaminergic (dopamine, serotonin and norepi¬ 
nephrine) and cholinergic projections, which innervate 
diverse forebrain regions that have discrete psychological 
functions. This has refined our understanding of the 
neurochemical basis of pathophysiological conditions 
such as ► Parkinsons disease, ► Alzheimer’s disease, and 
► schizophrenia, which are characterized by memory loss 
and cognitive disorganization. Second, research has linked 
poor psychosocial functioning to persistent cognitive def¬ 
icits, including WM, which fail to improve with current 
pharmacotherapies. Consequently, there has been an im¬ 
portant need to identify pharmacological compounds 
intended to improve cognitive deficits in psychiatric 
illness and dementia (see ► cognitive enhancers), and 
WM impairments have become important targets for 
treatment. 

In animals, WM is assessed using the spatial delayed 
response task, which evaluates the animal’s capacity to act 
on the basis of stored information rather than informa¬ 
tion available in the environment. Typically, a monkey is 
shown the location of a food morsel. The food morsel is 
then hidden from view. After a delay of several seconds, 
the monkey is required to choose one of the two locations. 
To be rewarded, the animal must remember where the 
food was located prior to the delay period. In a variation 
of the task, ► spatial delayed alternation, the monkey is 
required to alternate between left and right food wells in 
successive trials that are separated by delay periods. In this 
latter version, the monkey is not permitted to observe the 
experimenter baiting the food well. Therefore, to be cor¬ 
rect on any given trial the monkey must remember which 
response was made last. In rats, spatial delayed alternation 
is a commonly used ► rodent test of cognition which 
exploits the ease with which rats can remember differ¬ 
ent locations and hence, have used spatial stimuli as in the 
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T-Maze and ► radial arm maze (Dudchenko 2004). The 

► delayed (non)-match to sample is another test of WM, 
but it is used more commonly in monkeys than rats (see 

► primate models of cognition). Lesions of the dorsolat¬ 
eral prefrontal cortex in monkeys and medial prefrontal 
cortex in rats profoundly impair WM performance in 
these tasks (Dailey et al. 2004; Goldman-Rakic 1987). 
This finding has proven to be extremely useful in the 
study of the psychopharmacology of WM; the prefrontal 
cortex is highly sensitive to its neurochemical environ¬ 
ment and small changes in the degree of prefrontal mono¬ 
amine and acetylcholine neurotransmission contributes 
significantly to prefrontal WM function. 

Dopaminergic Drugs 

The work of Brozoski et al. (1979) was the first to dem¬ 
onstrate that ► catecholamines played a critical role in the 
modulation of spatial WM function in the prefrontal 
cortex. Large catecholamine depletions of the prefron¬ 
tal cortex using ► 6-hydroxydopamine (6-OHDA) in 
monkeys, impairs performance in spatial WM tasks to 
the same degree as large prefrontal lesions, and can be 
pharmacologically reversed with dopamine (DA) agonists 
such as levadopa (► l-DOPA) and ► apomorphine. Spa¬ 
tial WM deficits can be mimicked in rats and monkeys by 
acute, local infusions of DA D x receptor antagonists into 
the ► prefrontal cortex, and similar cognitive impair¬ 
ments can be observed following systemic administration 
of ► haloperidol. 

In addition to the detrimental effects of reducing DA 
transmission in the prefrontal cortex, increased DA turn¬ 
over in the prefrontal cortex impairs spatial WM as well. 
This is because WM relies on an optimal level of meso- 
cortical DA, which functions according to an inverted 
‘U-shaped’ relationship between DA and cognitive perfor¬ 
mance (Arnsten 1998). This means that “too much or 
too little DA” is associated with impaired WM perfor¬ 
mance. For example, in animals, mild stressors such as 

► conditioned fear or a weak footshock preferentially 
increase DA turnover in the prefrontal cortex compared 
with other DA terminal fields. Mild stress exposure to 
monkeys or rats produce WM deficits that can be blocked 
with low pre-treatment doses of DA D x receptor antago¬ 
nists such as SCH 23390, typical ► antipsychotics such as 
haloperidol, or atypical ones such as ► clozapine. This 
stress-induced WM deficit can be mimicked in rats by 
infusing DA D x agonists (e.g., SKF 81297) directly into the 
prefrontal cortex which can be blocked with a pretreat¬ 
ment dose of a DA D x receptor antagonist. Relative to 
the pretreatment effects of DA antagonists, however, the 
P adrenergic antagonist ► propanolol, or the ► SSRI 


fluoxetine, are not effective in reversing stress-induced 
WM deficits, illustrating the importance of dopaminergic 
mechanisms of WM in the prefrontal cortex. 

Research has now established the importance of the 
DA Di receptor family in the regulation of prefrontal WM 
function. Selective antagonists that work on the D 2 recep¬ 
tor in the prefrontal cortex are mostly ineffective. Overall 
selective Di/Ds, but not D 2 /D 3 receptor antagonist infu¬ 
sion in the prefrontal cortex impairs WM in rats and 
monkeys. However, although D 2 /D 3 antagonists have lit¬ 
tle effect on WM when infused in the prefrontal cortex, 
systemic treatment of these drugs improves WM in mon¬ 
keys and humans (see ► short-term and working memory 
in humans). More research is needed to establish where in 
the brain the actions of these drugs are taking place. 

Disruptions in delayed response tasks are not necessar¬ 
ily indicative of a specific impairment in WM. WM relies 
not just on holding information online but also overlap¬ 
ping mechanisms of attention which enable the active 
maintenance of information within a WM system. Recent 
research indicates that different levels of prefrontal DA 
activity may be required for different cognitive processes 
so that DA Dx receptor stimulation sufficient to improve 
one cognitive function may serve to impair another. Thus, 
although treatments with ► psychostimulants such as 
► amphetamine facilitate mechanisms of arousal (or at¬ 
tention), they disrupt WM, and enhance ► long-term 
memory. This has led to the idea that arousing conditions 
in animals such as white noise or highly emotional con¬ 
texts can impair short-term recall (i.e., WM) but benefit 
long-term retention, and suggest the existence of inde¬ 
pendent memory systems in animals, including rats. 

Adrenergic Drugs 

While antipsychotic medications exert their benefits pri¬ 
marily by modulating the DA neurotransmitter, they also 
affect ► norepinephrine (NE) receptors. Recent studies in 
animals have shown that NE has just as powerful an 
influence on the prefrontal cortex as DA. In the prefrontal 
cortex, NE has opposing actions at a 2 - and oq- adrenor¬ 
eceptors (AR) with respect to WM function. Thus, while 
NE enhances WM via oc 2 -AR stimulation, it impairs WM 
via oq-AR stimulation. For example, oq-AR agonists such 
as clonidine guanfacine, or medetomidine administered 
systemically improve WM in rats and monkeys (including 
aged monkeys), which can be blocked with oq-AR antago¬ 
nists such as ► yohimbine. Yohimbine alone is sufficient 
to impair WM performance. The improved WM effect of 
oq-AR agonists is pronounced in monkeys with large 
catecholamine depletions and under conditions of high 
interference or distraction, conditions that require 
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prefrontal function. Performance of tasks that do not 
depend on the prefrontal cortex is not improved by treat¬ 
ment with oc 2 -AR agonists (Arnsten 1998). 

NE has a lower affinity for oq-AR than oc 2 -AR, which 
means a high level of NE release is necessary to engage 
oq-AR in the prefrontal cortex. In addition to increas¬ 
ing DA, exposure to ► stress preferentially increase NE in 
the prefrontal cortex. Hence, oq-AR antagonists infused 
into the prefrontal cortex have little effect on WM under 
nonstressed conditions. By contrast, rats and monkeys 
exposed to uncontrollable stress, which causes NE activa¬ 
tion at oq-AR markedly impairs WM function. Infusing 
phenylephrine, a highly selective oq-AR agonist, directly 
into the prefrontal cortex, mimics the detrimental effect 
of stress on WM. This impairment can be reversed by 
coinfusion of the oq-AR antagonists, urapidil. Together, 
these findings suggest not only that the therapeutic effects 
of antipsychotic medication may be due in part to oq-AR 
blockade, but also that oq-AR agonists such as clonidine 
may serve to protect prefrontal function, and therefore 
WM from the detrimental effects of stress. 

Cholinergic Drugs 

► Atypical antipsychotics such as ► clozapine and ► ris¬ 
peridone, in addition to increasing DA release in the pre¬ 
frontal cortex, also increase ► acetylcholine (ACh) release 
in the prefrontal cortex. It is thought, therefore, that ACh 
release in the prefrontal cortex may also contribute to the 
ability of atypical antipsychotics to improve cognitive 
symptoms of WM. In rats, for example, local prefron¬ 
tal infusions of the cholinergic muscarinic receptor 
antagonist ► scopolamine produce spatial WM deficits 
in delayed match to sample tasks. These deficits can be 
ameliorated with cholinergic treatments such as ► phy- 
sostigmine, an acetylcholinesterase inhibitor. However, it 
is now apparent that cortically projecting cholinergic 
neurons play a crucial role in attentional processing, 
and failures in ► attention may contribute to an overall 
WM deficit (McGaughy et al. 2000). Thus, ► delay- 
independent deficits in delayed match to sample tasks 
following prefrontal cholinergic manipulations are thought 
to reflect impairments in attention, rather than mnemonic 
processing per se. Nevertheless, more research is needed 
to fully appreciate the role of prefrontal ACh in cognitive 
function, especially WM. Recent observations suggest 
that the function of prefrontal ACh is to distribute at¬ 
tentional capacity in tasks that require effortful proces¬ 
sing such as holding a stimulus online in WM. 

Unlike the muscarinic ACh receptor, nicotinic cholin¬ 
ergic receptors have received much less attention. Recent¬ 
ly however, the effects of ► nicotine as a ► cognitive 


enhancer have made it particularly attractive for clinical 
use. Both acute and chronic ► nicotine treatments signif¬ 
icantly improve WM performance in rats using the radial 
arm maze. Chronic treatment with nicotine agonists has 
been shown to improve memory performance in other 
tasks such as ► passive avoidance, and in other species 
including monkeys, mice, and zebrafish (Levin et al. 
2006). In addition to enhancing WM performance, nico¬ 
tine also improves ► attention. Chronic nicotine infusion 
diminishes the impairing effects of antipsychotics such as 

► haloperidol, risperidone, and clozapine on attention, 
whereas ► mecamylamine, a nicotinic antagonist used 
sometimes as an anti-addictive drug, decreases attentional 
performance, and WM. The cognitive impairing effects of 
mecamylamine have reduced its clinical utility for smok¬ 
ing cessation. 

The temporal lobe structures such as the ► hippocam¬ 
pus and perirhinal cortex, also receive a dense choliner¬ 
gic input from the medial septal (MS) nucleus and the 
vertical limb of the diagonal band of Broca (VDB). 
Although the hippocampus and related structures are 
known to be critical for certain memory functions (see 

► short-term memory and ► long-term memory), robust 
WM impairments following manipulations to the cholin¬ 
ergic septo-hippocampal pathways have been difficult to 
demonstrate. 

Serotonergic Drugs 

One characteristic feature of atypical antipsychotic drugs 
is their high affinity for various serotonin 5-HT receptors, 
especially 5-HT 1A and 5-HT 2A , which are densely loca¬ 
lized within the limbic cortex of humans and animals. 
These 5-HT receptors received much attention because 
they are involved in the action of ► hallucinogens such 
as lysergic acid diethylamide (LSD) and psilocybin, but 
there is growing evidence from animal experiments indi¬ 
cating a role for serotonin in modulating cognitive func¬ 
tions. While there is considerable evidence connecting the 
serotonergic system to cognitive functions of ► behavior¬ 
al inhibition, its modulatory role in WM has not been 
well characterized. Much of the earlier work on the role of 
5-HT in WM used nonselective global strategies in which 
the entire 5-HT system was manipulated by increasing or 
reducing central 5-HT transmission. Thus, in rats, global 
5-HT depletion using 5, 7-dihyroxytrptamine (5, 7-DHT) 
or p-chlorophenylalanine (PCPA) had little effect on 
delayed nonmatch to position tests of WM. By contrast, 
5-HT ligands with varying degrees of receptor specificity 
have been shown to disrupt WM performance, and in 
some cases improve it. Importantly, although the prefron¬ 
tal cortex is substantially innervated by serotonergic fibres 
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from the raphe nuclei in monkeys and rats, 5-HT deple¬ 
tions in the prefrontal cortex does not impair WM per¬ 
formance. In addition, although the 5 -HT 2 a receptor is 
abundant on the dendrites of prefrontal pyramidal cells 
implicating a role for it in WM function, there is no direct 
evidence linking 5 -HT 2 a receptor activation (or deactiva¬ 
tion) with changes in spatial WM. Furthermore, the phys¬ 
iological evidence for the apparent deleterious effects of 
prefrontal 5-HT 2A blockade on WM stands in contrast to 
the proposed benefit of 5-HT 2A properties of atypical 
antipsychotics such as clozapine, olanzapine, and risperi¬ 
done; these drugs share potent 5-HT 2A and relatively 
weaker DA D 2 receptor antagonism. While it is thought 
that the clinical efficacy of atypical antipsychotics might be 
due to increased prefrontal DA release, further experiments 
are needed to evaluate the impact of pharmacological treat¬ 
ments targeted to alter both DA and 5HT signalling on WM 
performance (Meltzer et al. 2003). 

Other Neurotransmitters and Psychoactive Drugs 

► GABA receptors are the major targets for ► benzodia¬ 
zepines and related ► anxiolytics. ► Alcohol and benzo¬ 
diazepine such as ► diazepam, both potentiate actions at 
GABA a receptors, and both impair WM performance in 
rats. In monkeys, WM performance depends on appro¬ 
priate GABA transmission in the dorsolateral prefrontal 
cortex. 

► Dissociative anesthetics such as ► phencyclidine 
(PCP) and ► ketamine work primarily as ► NMDA re¬ 
ceptor antagonists and produce WM deficits in rats 
performing spatial delayed alternation or delayed match 
to position tasks. Low doses of AMPA/kainate antagonists 
produce delay-dependent WM impairments. In addition, 
potential ► anxiolytics such as LY-354740, which act as 
mGLU 2/3 receptor agonists, autoregulate ► glutamate re¬ 
lease in the prefrontal cortex and reverse WM deficits 
caused by NMDA antagonist treatment. 

Conclusion 

The prefrontal cortex is critical for guiding behavior using 
WM. In WM tasks, animals can code and recall constantly 
changing locations or stimuli as in delayed response and 
delayed alternation tasks. Animals can also track in WM 
their recent choices from a set of stimuli, and update 
relevant information in order to respond on a moment - 
to-moment basis. As in humans, a disruption to WM 
in animals prevents the execution of effective organized 
behavior, a behavioral deficit that is evident in patients 
with dementia and psychiatric illnesses. While improve¬ 
ments in WM predict favorable behavioral outcomes, the 
neurochemical basis of WM is not yet fully understood. 


Animal studies have demonstrated convincingly, that 
catecholamines (DA and NE) are involved in WM func¬ 
tion but there is also evidence that pro-cholinergic drugs 
can ameliorate WM deficits. Although there is little evi¬ 
dence for a direct role for serotonin in WM, serotonin 
receptors are used as targets for antipsychotic drug devel¬ 
opment. That existing antipsychotic drugs possess 
many pharmacological profiles, it is likely that any thera¬ 
peutic action on WM will involve interacting receptor 
mechanisms. 

Cross-References 

► Acetylcholine 

► Amphetamine 

► Anxiolytics 

► Attention 

► Atypical Antipsychotics 

► Behavioral Inhibition 

► Benzodiazepine 

► Cognitive Enhancers 

► Hallucinogens 

► Haloperidol 

► 6-Hydroxydopamine 

► Long-Term Memory 

► Nicotine 

► NMDA Receptor 

► Norepinephrine 

► Primate Models of Cognition 

► Psychostimulants 

► Radial Arm Maze 

► Rodent Tests of Cognition 

► Scopolamine 

► Short-Term and Working Memory in Humans 

► Short-Term Memory 

► Spatial Delayed Alternation 

► SSRI 
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Definition 

The term short-term memory is considered to refer to just 
one component of working memory and is generally used 
only to describe a range of tasks that focus explicitly on 
short-term storage, e.g., digit span tests. Working memo¬ 
ry refers to a broader set of processes that facilitate the 
ability to encode, maintain, store, hold on-line and re¬ 
trieve representations of information for further pro¬ 
cessing or recall (Baddeley 2007). Working memory 
processes are active temporarily for a short period of 
time, on the order of seconds. These processes include 
short-term storage of information, but also executive 
processes that operate on the stored material. Working 
memory is mediated by a widely distributed neural system 
in the human brain, including (not exclusively) the pre¬ 
frontal cortex (PFC), the striatum, the posterior parietal 
cortex and the inferotemporal cortex. 

Impact of Psychoactive Drugs 

Evidence indicates that the major ascending neuromodula¬ 
tors, in particular dopamine, but also noradrenaline, ace¬ 
tylcholine and serotonin can influence working memory 
performance in humans. However, the effects of drugs that 
affect these neuromodulators depend on (1) the particular 
task demands under study, i.e., the stage (encoding, delay, 
probe) and type (e.g., spatial vs. non-spatial) of working 
memory, (2) the neural region that is targeted by the drug 
(e.g., the striatum or the ► prefrontal cortex), (3) the 
baseline neurochemical state of the system and (4) the 
receptor-specificity of the drug. Accordingly, drugs that 


are known as ► cognitive enhancers can induce impair¬ 
ments on some tasks and in some individuals. Similarly 
drugs that are known as cognitive inhibitors can induce 
improvements on some tasks and in some individuals. 

A variety of paradigms are used to study working mem¬ 
ory in humans. Examples of tasks in behavioral psycho- 
pharmacological studies include the self-ordered spatial 
working memory task from the Cambridge neuropsycho¬ 
logical test automated battery (►CANTAB), which 
requires self-ordered searching through a set of boxes to 
locate hidden tokens, tests of digit span and the ► delayed 
match-to-sample (DMTS) test. Although the ► Wisconsin 
Card Sorting Test (WCST) and related tests were not 
designed to test working memory ( ► behavioral flexibili¬ 
ty), adequate performance also critically relies on intact 
working memory, in particular its executive components. 
Neuroimaging studies which employ positron emission 
tomography ( ► PET imaging) or functional magnetic 
resonance imaging ( ► magnetic resonance imaging (func¬ 
tional)) have often employed blocked versions of the 

► n-back task , which do not directly allow the disentan¬ 
gling of its different components (e.g., maintenance dur¬ 
ing delay vs. flexible updating during encoding). Other 
neuroimaging studies have used variants of the DMTS 
paradigm, or adaptations, which do allow such 
decomposition. 

Dopaminergic Drugs 

Best studied are the effects of dopaminergic drugs on 
working memory. Acute administration of single low 
doses of dopamine receptor agonists, such as ► bromo¬ 
criptine or ► pergolide, affects working memory perfor¬ 
mance on DMTS tests as well as tests measuring the 
executive components of working memory (n-back, 
WCST). Low doses seem more beneficial than high 
doses, which might induce sedative side effects. Beneficial 
effects of bromocriptine and other dopamine-enhancing 
drugs like levodopa have been observed in patients with 

► Parkinsons disease and traumatic brain injury. These 
effects are most pronounced on tests measuring the exec¬ 
utive, flexible updating components of working memory 
(e.g., n-back, self-ordered searching, WCST, DMTS with 
stimulus-reordering requirements), but not on tests mea¬ 
suring only the maintenance component of working 
memory (e.g., DMTS). Non-specific catecholamine 
enhancers like ► amphetamine and methylphenidate, 
which affect both dopamine and noradrenaline ( ► meth¬ 
ylphenidate and related compounds), can also improve 
working memory performance on the more executive 
working memory tasks (i.e., n-back, self-ordered search¬ 
ing, WCST) in healthy volunteers, as can the COMT 
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inhibitor tolcapone. Improvements after methylpheni- 
date, amphetamine and ► tolcapone in young healthy 
volunteers and after levodopa in Parkinsons disease are 
accompanied by, and correlated with reductions in activity 
in fronto-parietal brain regions, possibly reflecting en¬ 
hanced processing efficiency and higher signal to noise 
ratio. Conversely agents that block dopamine D2 receptors, 
like ► sulpiride, can impair working memory. However 
paradoxical improvements have also been observed fol¬ 
lowing sulpiride administration in some individuals, 
perhaps reflecting predominant action at self-regulating 
autoreceptors. Effects of acute tyrosine depletion are less 
consistent, questioning the reliability of tyrosine deple¬ 
tion as a modulator of dopamine function. 

Some data have suggested that spatial variants of the 
DMTS and self-ordered search tests are more sensitive to 
manipulations of dopamine than are tests of non-spatial 
working memory. However, a number of prominent 
caveats have been highlighted (Mehta and Riedel 2006). 
For example, the spatial variants of the DMTS test often 
loaded on movement preparation to a greater extent than 
did the non-spatial variants, thus confounding modality- 
dependency with dependency on movement preparation. 

The direction of the effects of dopaminergic drugs 
depends on baseline working memory capacity, as 
measured for example, with the listening span test Dopa¬ 
mine D2 receptor agonists like bromocriptine and 

► cabergoline, as well as D2 receptor antagonists like 

► haloperidol have opposite effects in subjects with high 
and low working memory capacity. Similar dependency 
on baseline working memory capacity has been observed 
for the non-specific catecholamine enhancers methylphe- 
nidate and amphetamine. For example, low-span subjects 
with low working memory capacity benefit from bromo¬ 
criptine in terms of set-shifting performance on the 
WCST, while high-span subjects with high working mem¬ 
ory capacity are impaired by bromocriptine. The direc¬ 
tion of drug effects, however, cannot be predicted from 
working memory capacity alone; rather the type of work¬ 
ing memory test must also be taken into account. Thus 
while benefiting in terms of flexible set-shifting on the 
WCST, low-span subjects are actually impaired by bromo¬ 
criptine on the DMTS test, which loads more highly on 
the robust maintenance rather than on the flexible updat¬ 
ing of current representations. 

The dependency of these dopaminergic drug effects on 
baseline working memory capacity has been hypothesized 
to reflect dependency on baseline levels of dopamine. 
Evidence for this hypothesis comes from neurochemical 
PET studies showing that working memory capacity, as 
measured with the listening span, correlates positively 


with baseline dopamine synthesis capacity in the striatum. 
Higher working memory capacity is associated with higher 
dopamine synthesis capacity (Cools and D’Esposito 2009). 
The implication of these data is that subjects with low 
baseline levels of dopamine benefit from dopamine-en¬ 
hancing drugs, at least in terms of the flexible updating 
component of working memory, while subjects with al¬ 
ready optimized levels of dopamine are impaired by the 
same dopamine-enhancing drugs. This is consistent with 
the existence of an “Inverted U” shaped relationship be¬ 
tween dopamine and cognitive performance ( ► short¬ 
term and working memory in animals). 

Individual variability in baseline dopamine levels 
might reflect individual variation in genetic predisposi¬ 
tion. Opposite effects of amphetamine, which increases 
both dopamine and noradrenaline transmission, as well 
as tolcapone are seen on PFC activity during n-back per¬ 
formance as a function of genetic variation in COMT 
(catechol-O-methyltransferase). Amphetamine and tolca¬ 
pone increase the efficiency of PFC processing during 
n-back performance in subjects homozygous for the val 
allele of the COMT gene polymorphism, who have hypo¬ 
thetically reduced PFC dopamine function. By contrast, 
amphetamine and tolcapone reduce efficiency of PFC pro¬ 
cessing in subjects homozygous for the met allele, who have 
hypothetically enhanced PFC dopamine function (e.g., 
Mattay et al. 2003). 

Theoretical models and preliminary results suggest 
that the effects of dopaminergic drugs on working mem¬ 
ory will depend also on the neural locus of drug action. 
For example, bromocriptine, which stimulates dopamine 
receptors, modulated the flexible updating of information 
during encoding of a DMTS test and these effects are 
accompanied by modulation of neural activity in the 
striatum. Conversely, bromocriptine modulated activity 
in the PFC during (the resistance to distraction in) the 
delay period of a DMTS test (Cools and D’Esposito 2009). 
Further study is necessary to identify the neural loci of 
dopaminergic drug action during component processes of 
working memory. 

Research with experimental animals and computa¬ 
tional modeling work has suggested a particularly impor¬ 
tant role for D1 receptor stimulation in the on-line 
maintenance of information in working memory (short¬ 
term and working memory in animals). However, agonists 
used in human research so far (i.e., bromocriptine, pergo- 
lide) have affinity for both D1 and D2 receptors. The lack 
of selective D1 receptor agents available for human re¬ 
search has limited the ability to investigate the supposed 
D1 receptor selectivity of dopaminergic drug effects on 
working memory. Future study should address this issue, 
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for example, by making use of receptor-selective ► genetic 
polymorphisms or neurochemical PET imaging with re¬ 
ceptor-selective ligands. 

Similar lack of methods available for human research 
prevents the study, in human volunteers, of another cur¬ 
rent hypothesis, which states that effects of dopamine 
depend on the mode of transmission affected. Specifically, 
phasic and tonic modes of dopamine transmission might 
influence different (updating vs. maintenance) compo¬ 
nent processes of working memory. 

Noradrenergic Drugs 

Although much work with experimental animals has focused 
on a role of ► noradrenaline (in particular the alpha- 
adrenergic system) in (the maintenance components of) 
working memory ( ► short-term and working memory in 
animals), work with humans has concentrated more often 
on long-term and emotional memory. Nevertheless, em¬ 
pirical studies using selective noradrenergic manipula¬ 
tions in human volunteers have revealed a role for, in 
particular, the beta-adrenergic system in modulating (ex¬ 
ecutive components of) working memory, perhaps via 
their well-accepted modulation of (selective and sus¬ 
tained) attentional processes (►attention). Specifically 
working memory performance is consistently impaired 
by the beta-blocker ► propranolol, which penetrates the 
blood-brain barrier easily, but generally not by ► oxpre- 
nolol and atenolol, which have more limited central ac¬ 
tivity. The o i 2 adrenoceptor agonist clonidine also 
generally impairs working memory, possibly via a pre- 
synaptic mechanism of action. However, dose-dependent 
effects of clonidine as well as effects of other a 2 adreno¬ 
ceptor agonists (like guanfacine), a 2 adrenoceptor 
antagonists (like ► yohimbine) and acute noradrenaline 
potentiation with ► reboxetine are less consistent (Barch 
2003; Chamberlain et al. 2006; Ellis and Nathan 2001). 

Cholinergic Drugs 

Cholinergic drugs are known to affect working memory 
performance. Specifically, working memory performance 
benefits from agents that enhance cholinergic function, 
such as ► physostigmine, while being impaired by agents 
that block cholinergic function, such as ► scopolamine 
(Barch 2003; Ellis and Nathan 2001). The effects might be 
receptor-specific, with muscarinic and nicotinic receptors 
mediating distinct (spatial and non-spatial) types of 
working memory. Cholinergic effects are particularly 
pronounced in the presence of distraction. 

Consistent with the well-known link between acetyl¬ 
choline and stimulus detection (or vigilance), cholinergic 
effects in working memory are hypothesized to reflect 


changes in the selectivity of attentional processing during 
encoding, thus simplifying demands during maintenance 
and retrieval. In keeping with this hypothesis are findings 
that cholinergic antagonists, like scopolamine which is 
sometimes referred to as a “memory-inhibitor,” impair 
the encoding but not the maintenance or the retrieval of 
new information. Furthermore, the anticholinesterase in¬ 
hibitor physostigmine, sometimes referred to as a “memory- 
enhancer” improved accuracy on a task that maximized 
demands for ► attention, while leaving unaffected accu¬ 
racy on a matched working memory task. Neuroimaging 
results from studies with physostigmine have substantiated 
hypotheses from work with experimental animals that ace¬ 
tylcholine promotes stimulus-driven shifts in attention by 
enhancing encoding- and attention-related activity in the 
posterior sensory cortex (Bentley et al. 2004). 

Serotoninergic Drugs 

Although manipulations of the indolamine ► serotonin 
(5-HT, 5-hydroxytryptamine) have been shown to alter 
performance on tasks involving long-term (verbal) mem¬ 
ory ► consolidation and affective components of impulse 
control processing, it remains unclear whether serotonin 
is involved in working memory. Effects on memory of the 
most common procedure to manipulate central serotonin 
in humans, the dietary ► acute tryptophan depletion 
(ATD) procedure are generally restricted to delayed recall, 
not extending to immediate recall. ATD also does not 
affect spatial working memory, consistent with a lack of 
effect of PFC 5-HT loss on spatial working memory 
performance in monkeys ( ► short-term and working 
memory in animals). Furthermore, ATD administered 
an hour after word learning left delayed recall unaffected. 
These data suggested that ATD affects memory consolida¬ 
tion rather than the encoding or retrieval of information. 
Few studies have examined effects of selective serotonin 
receptor agents on working memory. One study revealed 
that ► fenfluramine impaired performance on a spatial 
working memory task in a delay-dependent manner. 
Effects of ketanserin, a 5HT 2A receptor blocker, on spatial 
working memory tasks are inconsistent. It is not unlikely 
that any effects of 5HT 2 receptor stimulation or blockade 
reflect indirect effects on dopamine transmission. Further 
work is required to investigate interactions between 5-HT 
and dopamine as well as acetylcholine, and the possible 
receptor selectivity of any effects (there are at least 17 
serotonin receptors which may serve different functions). 

Other Psychoactive Drugs 

The ► benzodiazepine sleeping pills and tranquillizers 
(e.g., ►triazolam, ►diazepam [trade name Valium], 
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► lorazepam) are some of the best known drugs to 
cause memory impairment and facilitate the transmis¬ 
sion of the major inhibitory neurotransmitter ► GABA 
(y-aminobutyric acid). However, like the so-called 
memory-enhancing (anti-dementia) drugs, which enhance 
cholinergic transmission, these benzodiazepines are thought 
to act primarily on processes other than those affecting 
qualitative aspects of working memory. These processes 
include episodic memory (► long-term memory humans) 
and/or processing speed (Curran and Weingartner 2002). 

The NMDA receptor antagonist ► ketamine, which 
affects the transmission of the major excitatory neuro- 
transmitter ► glutamate, produces impairments on ma¬ 
nipulation in working memory as well as other so-called 
frontal tests, known to rely on the executive components 
of working memory (Curran and Weingartner 2002). 

The wake-promoting agent ► modafmil, which affects 
the catecholamine, glutamatergic, GABAergic, orexin and 
histamine systems in the brain, while having little abuse 
potential, has been shown to improve working memory in 
a number of studies in healthy volunteers (with or with¬ 
out sleep-deprivation), with some evidence for dependen¬ 
cy on baseline performance. Improved working memory 
following modafmil has also been observed in patients with 
ADHD, schizophrenia and depression and might reflect 
primary modulation of the catecholamines (Minzenberg 
and Carter 2008). 

Notes of Caution 

Psychoactive drugs modulate the effects of neurotransmitter 
systems that are diffuse and widespread, innervating large 
undifferentiated parts of cortex (and subcortical structures). 
Receptors of the different neurotransmitters are often co¬ 
localized on the same cells. Therefore, despite clear evidence 
for distinct functions, the different systems must interact to 
determine optimal working memory. Further, drugs with 
preferential effects on one system (e.g., serotonin, gluta¬ 
mate) might exert secondary effects on other systems (e.g., 
dopamine). In addition, most drugs are not selective for one 
particular system. For example, propranolol also exhibits 
affinity for serotonin receptors. 

Conclusion 

Working memory is disturbed in a range of neurologi¬ 
cal and psychiatric disorders, including schizophrenia, 
Parkinsons disease, attention deficit hyperactivity disor¬ 
der and traumatic brain injury. The treatment of these 
cognitive deficits will benefit from a better understanding 
of the psychopharmacology of human working memory. 
Consistent with the observation that all these disorders 
implicate abnormal dopamine neurotransmission is the 


conclusion that human working is most sensitive to 
drugs that affect dopamine neurotransmission. Particu¬ 
larly pronounced are effects of dopaminergic drugs on 
tests measuring executive and flexible updating compo¬ 
nents of working memory. This might reflect the fact 
that compounds used for human research all act at D2 
receptors. 

The direction and extent of these drug effects vary 
greatly between different tasks and between different indi¬ 
viduals. Factors that contribute to this variability include 
task demands and baseline dopamine levels in underlying 
brain regions. Further work is required to establish the 
regional selectivity of working memory processes and do¬ 
paminergic drug effects. Drugs affecting acetylcholine also 
modulate performance on working memory tests, probably 
via altering attentional processes. Working memory is less 
consistently sensitive to drugs affecting serotonin neuro- 
transmission. Further research is necessary to elucidate the 
role of noradrenaline, glutamate and GABA in human 
working memory. 

Cross-References 

► Attention 

► Behavioral Flexibility: Attentional Shifting, Rule 
Switching, and Response Reversal 

► Cognitive Enhancers 

► Methylphenidate and Related Compounds 

► Modafmil 

► Short-Term and Working Memory in Animals 

► Tryptophan Depletion 
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Short-Term Memory 

Definition 

A protein synthesis-independent type of memory in charge 
of maintaining recently acquired information behaviorally 
available while long-term memory is being consolidated. 


Short-Term Plasticity 

► Synaptic Plasticity 


Shyness 

► Social Anxiety Disorder 


discriminability (e.g., of discriminative stimuli or of mem¬ 
ory traces) and response bias, which might reflect motiva¬ 
tional factors or a particular response (e.g., spatial) bias. 
Useful, for example, in separating pain measures into their 
sensory and emotional concomitants. 


Signal Transduction Pathways 

► Signaling Cascades 


Signaling Cascades 

Synonyms 

Signal transduction pathways 

Definition 

The molecular events that link extracellular stimuli to 
intracellular responses by means of a multistep sequence 
of events, generally integrating and amplifying. 


Sibutramine 

Definition 

Sibutramine is an amphetamine derivative that is used as 
an appetite suppressant. It is a serotonin and norepineph¬ 
rine reuptake blocker. It is indicated as an antiobesity 
agent as an adjunctive therapy within a weight manage¬ 
ment program for those that do not respond to diet alone. 

Cross-References 

► Appetite Suppressant 


Side Effects 

► Drug Toxicity 


Signals 

► Discriminative Stimulus 

► Drug Cues 


Sildenafil 

Definition 

Sildenafil is a PDE5 inhibitor that is sold under the name 
Viagra for the treatment of erectile dysfunction. Its pri¬ 
mary competitors on the market are vardenafil (Levitra) 
and tadalafil (Cialis). It is also on the market under the 
name Revatio to treat arterial pulmonary hypertension. 
Of note, sildenafil is currently being tested as a possible 
treatment for stroke. 
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Signal Detection Theory 

Definition 

A quantitative method of analyzing behavioral data that 
discriminates between independent indices of overall 


Cross-References 

► Erectile Dysfunction 

► PDE5 Inhibitors 

► Phosphodiesterase Inhibitors 

► Pulmonary Hypertension 
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Silencing RNA 


Silencing RNA 

► siRNA 


Simulation Models 

Synonyms 

Animal model with construct validity 

Definition 

An animal model intended to model a specific human 
disorder as closely as possible. It typically involves mim¬ 
icking the etiology or the pathology of the disease and 
subsequently assessing whether the resulting changes in 
brain and/or behavior are similar to those found in 
humans with the disease. 

Cross-References 

► Schizophrenia: Animal Models 


Simulations of Psychopathology 

► Animal Models for Psychiatric States 


Sinemet 

► Anti-Parkinson Drugs 


Single Barrel Micropipette 

Definition 

A single micropipette, filled with saline solution, usually 
employed for the recording of neuronal activity. 


Single Nucleotide 

► Single-Nucleotide Polymorphism 


Single-Nucleotide Polymorphism 

Synonyms 

Polymorphism; SNP 

Definition 

DNA sequence variations that occur when a single nucle¬ 
otide (adenine, thymine, cytosine, or guanine) in the 
genome sequence is altered; usually present in at least 
1% of the population. For example, two sequenced DNA 
fragments from different individuals, AAGCCTA to 
AAGCTTA, contain a difference in a single nucleotide. 

Cross-References 

► Gene Expression and Transcription 

► Haplotype 

► Pharmacogenetics 

► Pharmacogenomics 


Single Photon Emission Computed 
Tomography 

► SPECT Imaging 


Single Photon Emission Tomography 
(SPET) 

► SPECT Imaging 


Siphonodontaceae 

► Celastraceae 


siRNA 

Synonyms 

Short interfering RNA; Silencing RNA; Small interfering 
RNA 

Definition 

siRNA stands for small interfering RNA, also known as 
silencing or short interfering RNA. In contrast to classical 
antisense oligonucleotides, siRNA is a class of double- 
stranded RNA molecules, 19-25 nucleotides in length, 
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with 2-nucleotides 3' overhangs on either end and a 
phosphate group at each 5' end (Fig. 1A). siRNA can 
efficiently knock down expression of target genes via 
the RNA interference (RNAi) pathway, which was first 
described in the nematode worm Caenorhabditis elegans 
in 1998 by Andrew Z. Fire and Craig C. Mello. Any gene 
of interest with known sequence can be targeted by 
siRNA that match the mRNA sequence. siRNA may also 
recruit RNAi-related pathways, including activation of 
cellular antiviral mechanisms (e.g., the interferon re¬ 
sponse) or interference with the chromatin structure of 
the genome. 

Cross-References 

► Antisense Oligonucleotides 

► RNA Interference 

► RNAi 


Sleep Apnea 

Definition 

Sleep disorder involving temporary cessation of breathing 
during sleep. 


Sleep Bruxism 

Definition 

A stereotyped movement disorder characterized by grind¬ 
ing or clenching of the teeth during sleep. The disorder 
has also been identified as nocturnal bruxism , nocturnal 
teeth grinding , and nocturnal teeth clenching. Among the 
symptoms of sleep bruxism are abnormal wear on the 
teeth, the grinding sounds associated with bruxism, and 
jaw muscle discomfort. 


Sirolimus 

► Rapamycin 


Site-Specific Knockout 

► Conditional Knockout 


Skilled Performance 

► Psychomotor Performance in Humans 


Sleep 

Definition 

Sleep is a recurring state of inactivity accompanied by loss 
of awareness and a decreased reaction to the environment. 
It is accompanied by characteristic, complex patterns of 
physiological activity and behavior and is found in all 
mammalian species. Its function is unclear but may in¬ 
volve restoration of brain and bodily functioning. 

Cross-References 

► Insomnia 


Cross-References 

► Arousal Disorders 

► Confusional Arousals 

► Night Terrors 

► Parasomnias 

► Sleepwalking 


Sleep Enuresis 

► Parasomnias 


Sleep Paralysis 

► Parasomnias 


Sleep Related Dissociative Disorder 

► Parasomnias 


Sleep Related Eating 

► Parasomnias 
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Sleep Terrors 


Sleep Terrors 

► Parasomnias 


Sleeplessness 

► Insomnias 


Sleepwalking 

► Parasomnias 


Slow-Release Morphines 

Synonyms 

SROMs 

Definition 

SROMs are a group of pure opiate agonists that are 
products of ► morphine with retarded release galenics 
and are only registered in some European countries for 
the indication of opioid maintenance treatment. SROMs 
are suitable for patients who do not tolerate other agents 
such as ► methadone because of side effects or show an 
inadequate suppression of withdrawal symptoms. 


Slow Waves 

► Function of Delta Waves 


Small Interfering RNA 

► siRNA 


Smart Drugs 

► Cognitive Enhancers: Neuroscience and Society 


Smooth Pursuit 

► Eye Movement Tasks 


Smooth Pursuit Task 

Definition 

A simple eye movement task in which participants follow 
a target with their eyes as it moves smoothly backward 
and forward on the horizontal plane. Important measure¬ 
ments include velocity gain (the ratio of eye velocity to 
target velocity) and the number of saccades that occur 
during pursuit. 


SMS201-995 

► Octreotide 


SNP 

► Single-Nucleotide Polymorphism 


SNRI Antidepressants 

Huaiyu Yang, George I. Papakostas 

Department of Psychiatry, Massachusetts General 
Hospital, Harvard Medical School, Boston, MA, USA 

Synonyms 

Serotonin-norepinephrine reuptake inhibitors 

Definition 

The serotonin-norepinephrine reuptake inhibitors (SNRIs) 
are a class of ► antidepressants that simultaneously inhibit 
the reuptake of both ► serotonin and ► norepinephrine. 
SNRIs are primarily used to treat ► major depressive 
disorder (MDD). 

Following the development of the tricyclic antidepres¬ 
sants (TCAs), the monoamine oxidase inhibitors (MAOIs), 
the selective serotonin reuptake inhibitors (SSRIs), and the 
norepinephrine-dopamine reuptake inhibitors (NDRIs), 
SNRIs are one of the most recent classes of antidepressants 
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approved for the treatment of MDD. Many TCAs, such 
as ► clomipramine, ► imipramine, and ► amitriptyline, 
also inhibit the reuptake of serotonin and norepinephrine. 
However, the SNRIs differ from the TCAs in two major 
ways: (1) they do not possess a tricyclic-like structure and 
(2) they do not have a clinically-relevant affinity for any 
monoaminergic, histaminergic, or cholinergic receptors 
or for the sodium channel. As a result, they are safer (i.e., 
have a lower risk of arrhythmia and seizures) and better- 
tolerated (i.e., have a lower risk of sedation, somnolence, 
and weight gain). 

Pharmacological Properties 

Four SNRIs have been developed and marketed to date: 

► venlafaxine, ► desvenlafaxine, ► duloxetine, and 

► milnacipran. First introduced in the early 1990s, venla¬ 
faxine is the prototypical agent of this class. Milnacipran 
was introduced as an antidepressant in the late 1990s in 
Europe, and received approval in 2009 for the treatment 
of fibromyalgia in the United States. Duloxetine was first 
marketed in 2004 in the United States. Desvenlafaxine, the 
newest SNRI, is an active metabolite of venlafaxine. 

The efficacy of all four SNRIs in the treatment of MDD 
in adults has been well established in multiple randomized, 
double-blind, placebo-controlled trials (Montgomery and 
Anderson 2006; Papakostas and Fava 2007; Perahia et al. 
2006; Ricknes et al. 2004). In addition to their use as 
antidepressants, some SNRIs have been approved by the 
United States Food and Drug Administration (FDA) for 
the treatment of other Axis I disorders in adults, includ¬ 
ing ► generalized anxiety disorder (venlafaxine, duloxe¬ 
tine), ► panic disorder (venlafaxine), ► social anxiety 
disorder (venlafaxine), and fibromyalgia (duloxetine, 
milnacipran). 

It has been proposed that SNRIs maybe more effective in 
the treatment of MDD than the SSRIs, perhaps due to their 
simultaneous action on both serotonin and norepinephrine 
transporters (Papakostas et al. 2007). However, whether 
this difference is clinically relevant (Papakostas et al. 
2007), and whether it applies to all SSRIs remains unclear 
(Montgomery and Anderson 2006; Lam et al. 2008). 

The efficacy and safety of the SNRIs have not been 
established for children, adolescents, or the elderly. 
The United States FDA placed a “► black box warning” 
(signifying the possibility of severe adverse events) on the 
labeling for all four SNRIs based on pooled analysis of data 
for nine antidepressants (SSRIs and others) describing an 
increased risk of suicidal ideation and/or suicide gestures 
in a pediatric population. Therefore, close monitoring is 
required when prescribing SNRIs or other antidepressants 
for MDD, especially in vulnerable populations. 


Pharmacokinetics 

All four SNRIs are well absorbed after oral ingestion and 
show modest to excellent bioavailability; they are primar¬ 
ily metabolized in the liver and eliminated by the kidney. 

The ► bioavailability of venlafaxine extended-release 
capsule formulation is about 45%, while for the immedi¬ 
ate release tablet it is 100% (relative to an oral solution). 
Approximately 27% is protein-bound. Venlafaxine is 
metabolized extensively by the hepatic ► cytochrome 
P450 (CYP) isozyme 2D6; O-desmethylvenlafaxine is its 
active metabolite. Approximately 87% of a dose of venla¬ 
faxine is excreted by the kidneys, 82% as metabolites and 
5% remaining unchanged. The ► elimination half-life 
for venlafaxine and O-desmethylvenlafaxine are about 
5 h and 11 h respectively, but they are prolonged in 
patients with hepatic and/or renal impairment. 

After oral administration, desvenlafaxine has a bioavail¬ 
ability of approximately 80%, and 30% is protein-bound. 
It is metabolized primarily by the liver via conjugation, and 
to a lesser extent via the hepatic cytochrome P450 CYP 3A4. 
Forty-five percent of desvenlafaxine is excreted via the 
kidneys in an unchanged form. The elimination half-life 
of desvenlafaxine is 10 to 11 h, but it is prolonged in patients 
with impaired liver function. 

Duloxetine is well absorbed after oral administration; 
its bioavailability ranges between 50% and 80% (de¬ 
creased among smokers). It is more than 90% protein- 
bound. Duloxetine is metabolized by the hepatic 
cytochromes P450 CYP 2D6 and 1A2, and it is ultimately 
eliminated in the urine (70%) and feces (20%). Its half- 
life is approximately 12 h. 

Milnacipran is well absorbed after oral use. Its bioavail¬ 
ability is about 85%. Protein-binding is low (approximately 
13%), and it is nonsaturable. The drug is metabolized by the 
liver to an unknown extent, primarily via glucuronidation, 
and it does not appear to be metabolized via the hepatic 
cytochrome P450 system, suggesting that it might have some 
pharmacokinetic advantages (including a low drug-drug 
interaction potential). Milnacipran has no active metabo¬ 
lites. The excretion of milnacipran is mainly (90%) through 
the kidneys, and its half-life is 8 h (Puozzo et al. 2002). 

Cross-References 

► Antidepressant 

► Desvenlafaxine 

► Duloxetine 

► Generalized Anxiety Disorder 

► Major Depressive Disorder 

► Milnacipran 

► Monoamine Oxidase Inhibitors (MAOIs) 

► Panic Disorder 
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► Selective Serotonin Reuptake Inhibitors (SSRIs) 

► Serotonin Syndrome 

► Social Anxiety Disorder 

► Tricyclic Antidepressants (TCAs) 

► Venlafaxine 
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Social Anxiety Disorder 
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Medical University Vienna, Vienna, Austria 

Synonyms 

Avoidant personality disorder; Social phobia 

Definition 

Social anxiety disorder (SAD) is recognized as a highly 
prevalent (up to 13.3% lifetime prevalence rate) as well as 
a chronic disorder with onset during the teenage years 
(Kasper 1998). Although the disorder is associated with 
significant disability, which includes educational and 
occupational capabilities that has a negative impact on 


the ► quality of life, it is highly underdiagnosed and 
undertreated. SAD is recognized as a serious medical 
condition that is accompanied by significant disability 
since it starts in early life and therefore impairs the other¬ 
wise occurring socialization including the development 
of coping skills. This view has been strengthened by data 
showing that SAD cannot simply be equated with shyness 
or with avoidant personality traits, and by evidence that 
this disorder is a discrete entity associated with distinct 
psychobiological dysfunctions (Lanzenberger et al. 2007) 
and responsive to specific pharmacotherapeutic interven¬ 
tions (Kasper et al. 2003). 

Within SAD, patients have been divided into those 
with generalized and non-generalized (discrete, speci¬ 
fic, circumscribed, and performance anxiety) symptoms. 
Whereas generalized SAD affects the individual in more 
than one social situation, non-generalized SAD is specific 
and circumscribed and may be for instance performance 
anxiety with pure speaking fears. Pharmacotherapeutic 
dissection of different SAD subtypes may be possible 
and it emerged that clear ► placebo differences can only 
be achieved with generalized SAD. For performance anxi¬ 
ety beta-blockers are useful but demonstrated to be inef¬ 
fective in generalized SAD. 

Role of Pharmacotherapy 

Most pharmacotherapeutic studies, specifically the system¬ 
atic ones with ► selective serotonin reuptake inhibitors 
(SSRIs) and serotonin-norepinephrine reuptake inhibi¬ 
tors ( ► SNRIs) have been carried out in patients suffering 
from generalized SAD. The most commonly used primary 
efficacy scale in medication studies of SAD is the Liebow- 
itz social anxiety scale (LSAS) (Liebowitz 1987), which 
enables also the comparativeness of the studies. 

Early work demonstrated that irreversible ► mono¬ 
amine oxidase inhibitors (MAOIs; e.g., ► phenelzine) 
are effective in the treatment of SAD, but these agents 
are limited by their side effect profile, the need for dietary 
precautions, and drug interactions (Versiani 2000). Stud¬ 
ies with the reversible MAOI ► moclobemide indicated 
effectiveness in earlier but not later development program 
studies and have therefore not been granted indication 
status by health regulatory authorities (Brunello et al. 2000). 
More recent work has established the efficacy of several 
SSRIs (Montgomery et al. 2004), and these agents have 
been recommended as first-line pharmacotherapy agents. 

The available ► placebo-controlled studies have been 
carried out for acute as well as long-term efficacy, includ¬ 
ing relapse prevention (see Table 1). Interestingly, the 
question if psychological treatment is able to enhance 
the pharmacotherapy has only been addressed in one 
study and there are no placebo-controlled studies to 
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Social Anxiety Disorder. Table 1. Social anxiety disorder. 



SSRIs 

TCAs 

Benzodiazepines 

Others 

Acute efficacy 

Escitalopram, Fluoxetine, 
Fluvoxamine, Paroxetine, 
Sertraline 

— 

Alprazolam, 

Bromazepam, 

Clonazepam 

CBT, Phenelzine, Moclobemide, 

Brofaromine, Venlafaxine, Gabapentin, 
Pregabalin, Olanzapine 

Long-term efficacy 

Escitalopram, Fluvoxamine, 
Paroxetine, Sertraline 

- 

- 

CBT, Phenelzine, Moclobemide, Venlafaxine 

Relapse prevention 

Escitalopram, Paroxetine, 
Sertraline 

- 

Clonazepam 

CBT 

Enhanced efficacy of 

psychological 

treatment 

Sertraline 




After nonresponse 

- 

- 

- 

- 


Placebo-controlled studies {SSRIs selective serotonin reuptake inhibitors; TCAs tricyclic antidepressants; CBT cognitive behavioral therapy) 
(Baldwin et al. 2005) 


guide the clinicians which treatment to administer after 
treatment-nonresponse, an approach which is available 
for the indication of depression. The main group of 
medications which has been studied is SSRIs and interest¬ 
ingly there are no studies with ► tricyclic antidepressants 
(TCA) which indicates that pharmacotherapy of SAD was 
developed after the introduction of SSRIs for the indica¬ 
tion of depression. A few studies with ► benzodiazepines 
and SNRIS as well as ► pregabaline have been conducted. 
Pregabaline is not a benzodiazepine as may be suggested 
by the name. It differs insofar from the other available 
medications used since it binds with high specificity to the 
a 2 -5 subunit of P/Q-type voltage-gated Ca ++ channels, 
thereby reducing the influx of Ca ++ at nerve endings and 
attenuating the release of excitatory neurotransmitters 
such as norepinephrine, glutamate, aspartate, substance 
P, and calcitonin gene-related peptide. 

In addition to pharmacotherapeutic approaches, cog¬ 
nitive behavioral psychotherapy has been studied in a 
placebo-controlled design indicating superior efficacy to 
placebo, however, no medication control group has been 
assigned in these treatment trials. 

Cross-Reference 

There is a high rate of ► comorbidity (up to 60%) be¬ 
tween depression and anxiety disorders as well as between 
anxiety disorders themselves and antidepressants have 
been used and granted indication by health authorities 
for both depression and anxiety disorders. It is appar¬ 
ent, that both SSRIs and SNRIs work in depression as 
well as in different forms of anxiety disorders, includ¬ 
ing SAD, and for SAD additionally benzodiazepines 
( ► clonazepam) as well as to a lower extent pregabaline 
have been studied (Zohar et al. 2002). 


2 . 


3. 


Diagnosis of social anxiety 
disorder 

Yes 

^ Yes 

Complicated? Appropriate 


4. Switch Intolerable 
medication * 


No 

* 

SSRIs 

* 

Response? 1 

No 

* 


Yes 


intervention 
(see text) 

Maintenance 

treatment 

(relapse 

prevention) 


5. 


6 . 


7 . 


8 . 


Optimize dose 2 and duration 3 


^ Yes Maintenance 
Response? * treatment 

(relapse 
No 

* 

Reassessment 

* 

Switch medication 


prevention) 


SSRIs: Selective serotonin reautake inhibitors 

''Response indicates 50% symptom reduction, remission may 
take 2-3 months 

2 Most likely increase, same dosages as in depression 
3 6-8 weeks 

Social Anxiety Disorder. Fig. 1. Algorithm for the 
pharmacotherapy of social anxiety disorder in primary 
practice (After: Stein et al. 2001). 

An algorithm for the pharmacotherapy of SAD in 
primary practice has been developed by Stein et al. (2001) 
and divided into different steps as outlined in Fig. 1. 
Firstly, this algorithm indicates the necessity to establish 
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a diagnosis and to clarify if certain complications may 
have an impact on the choice of medication to be used, 
like comorbid severe depression or suicidality which 
requires specific therapeutic regimens. If this can be 
ruled out SSRIs could be initiated and if patients are 
responsive a maintenance therapy can be continued with 
the same dosage of medication with which remission has 
been achieved. Interestingly, the same dosages are used for 
SAD as for depression. Whereas in depression a clear re¬ 
sponse might be observed already after 2-3 weeks’ time this 
usually takes at least 6-8 weeks in SAD, since patients need 
to experience the social situation in which the symptoms 
appeared before. If intolerable side effects are emerging, 
the switch to another SSRI or SNRI can be considered, 
although there are no placebo controlled studies to justify 
this approach. Thereafter an optimization of the dosage 
(most likely an increase) as well as the duration of treatment 
(over 8 weeks) needs to be taken into account before a 
treatment response can be expected. If this regime does 
not lead to remission a reassessment as well as a switch to 
another type of medication, like pregabaline, can be consid¬ 
ered. However, it needs to be noted that pregabaline does 
not have the indication for SAD, and that this approach is 
also not substantiated by placebo-controlled switch studies. 

Conclusion 

SAD is not a mild form of mental disorder but a clinical 
meaningful medical illness with an established pathophys¬ 
iology which deserves early diagnosis and distinct treat¬ 
ment. Since SAD starts early in life and may result in a 
disabling disorder, the treatment of selected pharmacother- 
apeutic and psychotherapeutic interventions need to be 
initiated early in the course of the illness. Our continued 
progress in understanding and managing SAD will result 
in a progress in delineating the subtypes and treatment 
responses to this condition. 
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Social Behavior 
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Definition 

Social behavior is behavior between members of the same 
species. However, depending upon the context, it may 
more specifically signify nonaggressive, nonterritorial, 
nonsexual behavioral interactions between members of 
the same species. 

Impact of Psychoactive Drugs 

Social Behavior 

Social behavior is in its broadest sense behavior taking 
place between members of the same species. It can there¬ 
fore include territorial, parental and sexual behavior 
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as well. However, individuals living in groups have a 
special need to communicate because they have to share 
resources, coordinate activities such as hunting or forag¬ 
ing, defend the territory against intruders and protect the 
group against predators. Social species such as humans, 
monkeys and rats have therefore developed communica¬ 
tion systems and internal organizational structures that 
allow them to live in proximity without having to engage 
in frequent fights over resources. Fighting may cause 
injury and can jeopardize the welfare of the individual 
and of the group, and it is therefore something that must 
be avoided if possible. 

Drug effects in animals are typically studied to predict 
how the drugs may affect human behavior and the rele¬ 
vance of studying drug effects on social behavior in ani¬ 
mals such as rats, mice, and monkeys may seem rather 
distant to the complexity of human social behavior and 
structure. However, humans are also a social species that 
has a highly hierarchical organization and are very terri¬ 
torial, and while the exact details will differ between 
species, the more general responses can be comparable. 
We often view human behavior to be fundamentally dif¬ 
ferent from animals, but a very obvious example of 
human territorial behavior is how we define countries 
and borders and the vigor with which we defend our 
territory. Another more mundane example is how we 
feel if someone sits in “our chair” in a classroom. The 
social hierarchy is similarly very obvious in many work 
situations and when observing an interaction between 
two individuals with different status in an organization: 
from body posture and movements it can easily be under¬ 
stood, which of the individuals has the higher status. The 
military is an example of an organization where this 
hierarchy has been practiced to its fullest extent. 

In this essay, social behavior will be used to indicate 
nonaggressive, nonterritorial and nonsexual social beha¬ 
viors between members of a species that live in social 
structures. It is therefore the normal behavior we ex¬ 
press when interacting with other people in a daily-life 
situation. This type of social behavior is disturbed in 
many diseases such as ► depression, ► anxiety, social 
phobias, ► schizophrenia, and ► autism; it may be affect¬ 
ed by drug side effects, e.g., corticosterone, and it may be 
changed as a result of another condition, e.g., chronic 
pain. 

In relation to psychopharmacology, social behavior 
represents a very interesting group of behaviors. They 
are important aspect of human behavior with a clear 
biological function, they are disrupted in many diseases, 
they are complex behaviors that must be normalized by a 
treatment, and because it is a set of complex active 


behaviors it is relatively easy to dissociate the nonspecific, 
e.g., sedation from specific drug effects. 

Social species usually have a rich repertoire of com¬ 
munication signals, but typically for other species than 
our own we are only able to observe and record a fraction 
of these. For example, rats and mice rely to a great extent 
on olfactory signals and ► ultrasound in their commu¬ 
nications and presumably also use very discrete facial and 
body postures that we do not recognize, and the level of 
information that we are able to extract from an encounter 
between two individuals is therefore very limited. This 
therefore does not mean that their communication sys¬ 
tems and social organization are simple and primitive, but 
rather that we are not able to record and interpret the 
true level of complexity. For example, most studies on 
social behavior between pairs of rats record time spent 
investigating, following, and grooming the other individ¬ 
ual as an index of the level of social behavior. These 
measures are very crude and probably disregard 95% 
of the true communication that exist between the rats. 
However, for the purpose of studying drugs that interfere 
with the social structure, this may be sufficient - it should 
just be realized that it does not represent the true level of 
communication. 

A number of factors need to be considered, when 
studying social behavior. One factor is, as mentioned 
above, that each species will use different routes of com¬ 
munication, e.g., visual, auditory, olfactory, and postures 
and movements. Humans have, compared to most ani¬ 
mals, a rather inferior olfactory sense and we will rarely 
be able to monitor communication using this channel. 
Similarly, we will rarely be sensitive to small discrete 
postures and movements in a different species than our 
own, and for auditory signals, we cannot perceive signals 
above 15 kHz unless we use special equipment. A second 
factor is strain differences in the chosen species. There are 
considerable differences between different lines of rats and 
mice in terms of their level of ► aggression and anxiety, 
and this will affect the study. A third factor is the influence 
of other behavioral categories on the observed social 
behavior. ► Sex differences and estrus cycle will affect 
the level of sexual behaviors in an experimental situation 
and repeated exposure to a particular arena may prompt 
the appearance of strong territorial behaviors, thus in¬ 
creasing the level of aggressive behaviors. A fourth factor 
is that diseases, just as for humans, will affect the behavior 
of an animal and particularly for transgenic animals or 
aged animals, this can be a concern. It has for example 
been reported that some of the transgenic lines of mice 
carrying an Alzheimer’s disease mutation have inferior 
vision and reduced level of hearing. Also, in case a drug 
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causes pain or induces, e.g., nausea, this will affect behav¬ 
ior as well. 

A final factor is that experimental conditions and 
handling will affect the outcome of an experiment. A 
stressed animal or an animal placed in an aversive experi¬ 
mental situation will necessarily exhibit a different behavior 
compared to a nonstressed or a nonanxious animal. These 
factors need to be controlled and what may constitute an 
aversive stimulus for that particular species needs to be 
considered. However, it is also possible to use aversive sti¬ 
muli to control the types of behavior that the animals 
express and that are studied. For example, the light level in 
an arena will have considerable impact upon the behavior 
of a rat. High-light conditions will produce an anxiogenic 
state in the rat, which will reduce the level of active beha¬ 
viors, whereas a low-light condition will increase the level of 
natural behaviors, e.g., explorative and social behaviors 
(Whishaw and Kolb 2005). The olfactory level in the arena 
and the number of repeated visits to the arena will affect the 
speed with which the animal begins to perceive the arena as a 
part of its territory and thereby the level of aggressive beha¬ 
viors it expresses in order to defend its territory, if con¬ 
fronted with a conspecific. The level of aggressive behavior 
is also affected by the housing condition of the animals, e.g., 
in rats single housing will increase the aggression level. Light/ 
dark cycle will affect the sensitivity of the animals to drugs. If 
animals are tested during their normally active period, i.e., 
during the night for a rat, it will be more sensitive to drug 
effects compared to testing conducted in the day time, i.e., 
the rats inactive period. Finally, handling can have unexpect¬ 
edly strong effects on behavior, e.g., handling a rat by the tail 
can stress it so much that it becomes impossible to study 
social interations, and the presence of a computer in the 
experimental room can affect behavior because the rats may 
be able to hear it. 

Standard Test Paradigms 

Social behavior can in principle be studied in any situa¬ 
tion that involves two or more members of the same 
species. Complex situations involving many members 
living in a stable structure is likely to provide more de¬ 
tailed information on the effects of drugs on normal 
behavior or on behavioral abnormalities in animals carry¬ 
ing a disease, but it can be very difficult to standardize 
a test of this type to allow comparison of different drugs 
and the amount of time required to study drug effects 
may become so demanding that it in practice becomes 
impossible to compare drug series. For these reasons a 
number of simplified, standardized behavioral tests have 
been developed that allow the experimental observation 


of some aspects of social behavior thought to be relevant 
to human behaviors. 

One of the most routinely used tests for social behav¬ 
ior is the ► social interaction test where two rats or mice 
are placed simultaneously into an arena and where their 
level of social behavior is recorded for 7-10 min (File and 
Seth 2003). The animals may be familiar with the arena 
and to each other. The test is usually performed in a high¬ 
light and a low-light configuration. For the high-light 
configuration, the arena is brightly illuminated and this 
will create an aversive environment since rats and mice in 
general avoid open, brightly lit areas. Their natural ten¬ 
dency will be to avoid the center of the arena and to stay in 
the periphery of the arena, where they usually remain 
inactive. Using this design, it has been shown by many 
researchers that anxiolytic drugs such as the ► benzodia¬ 
zepines, ► diazepam and ► chlordiazepoxide, will in¬ 
crease the level of social interaction, indicating a 
reduced level of anxiety in the animals, whereas drugs 
that lack ► anxiolytic effects are inactive. However, it 
should be noted that the avoidance of open spaces is a 
biologically appropriate response for a rat and a mouse, 
and the test therefore studies drug effects on natural 
behaviors and not on pathological anxiety, which is the 
type we seek to treat in human patients. 

In the low-light configuration, the arena is only illu¬ 
minated by dim red light to simulate a night-time situa¬ 
tion, which is non-aversive to rats and mice, and they will 
typically explore the entire arena and engage in frequent 
social interactions, e.g., rats will typically investigate 
the novel area together. Under these conditions it is pos¬ 
sible to evaluate manipulations that disrupt social behav¬ 
ior, e.g. to model a disease condition, or to determine if a 
drug causes side effects that affect normal behavior. 
An example of a disease model is phencyclidine-induced 
social isolation (Ellenbroek and Cools 2000). ► Phency¬ 
clidine (PCP) is an NMDA-antagonist that often is abused 
by humans and it has frequently been observed that PCP 
will induce a type of symptomatology, which resemble the 
negative symptoms of ► schizophrenia, i.e., the inability 
to engage in normal social relations. PCP will potently 
disrupt social behavior in rats, and this disruption can be 
reversed by ► antipsychotic drugs that in patients have an 
effect on the negative symptoms, e.g., ► clozapine and 
► risperidone, whereas drugs that only affect the positive 
symptoms, e.g., ► haloperidol or that are not effective in 
the treatment of schizophrenia, e.g., ► citalopram and 
diazepam, are ineffective. 

A different test paradigm is the ► social recognition 
test, which typically is performed in rats, where the level 
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of social behavior or social interest is used as a measure 
of recognition. In this test, an adult rat is allowed, 
e.g., 5 min, to investigate a juvenile rat. The juvenile is 
removed and after a certain time period, e.g., 30 min, 2 h 
or 24 h, either the same juvenile or a different juvenile is 
presented to the adult rat. If the adult rat recognizes the 
juvenile it will spend less time investigating it compared 
to the situation where it is a novel juvenile. Drug studies 
have shown that ► nicotine, which is known to improve 
memory in humans, can prolong the time period in which 
the adult rat recognizes the juvenile, whereas ► scopol¬ 
amine, which interferes with memory, reduces the time 
period. The social recognition test is typically used in two 
configurations with either a long delay or a short delay 
until the re-introduction of the juvenile. The purpose of 
using a long delay is to identify drugs that can enhance 
memory, e.g., for symptomatic treatment of memory 
deficits in ► Alzheimer’s disease, by demonstrating that 
a drug extends the time period in which the adult animal 
recognizes the juvenile. The purpose of using a short delay 
at which normal animals will recognize the juvenile is to 
determine whether a drug inhibits normal memory pro¬ 
cesses, e.g., caused by side effects, or to determine if 
animals display memory deficits, e.g., in connection 
with disease models, and whether drugs are able to reverse 
these deficits. Examples of the latter are scopolamine-in¬ 
duced memory deficits and cognitive deficits in disease- 
models of e.g., Alzheimer’s disease, schizophrenia, and 

► stroke. Finally, it is possible to administer the investiga¬ 
tive drug at different time points in the testing sequence to 
determine which aspects of the memory process it affects, 
e.g. administering it after the first presentation of the 
juvenile to determine if it affects the ► consolidation of 
memory. 

Cross-References 
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Social defeat 

Definition 

Social defeat is a procedure in which a smaller “intruder” 
rodent (rat or mouse) is introduced into the cage of a 
larger and aggressive “resident” rodent. The resident rat 
usually attacks the intruder rodent until it manifests a 
submissive posture. Additionally, the mere presence of 
the resident rodent (a threat condition) is sufficient to 
provoke physiological and behavioral stress responses in 
the intruder rodent that are similar to those obtained after 
the physical confrontation (Miczek et al., 2008). 

Cross-References 

► Aggression 


Social Impairment 

Definition 

Individuals with ► pervasive developmental disorders 
(PDDs) have core social impairments that are persistent 
and severe. These impairments can be seen through def¬ 
icits in multiple different behavioral and relationship 
realms. Core social impairment seen through nonverbal 
behavior can consist of deficits in eye contact, facial 
expression, and gestures that are used to help regulate 
social interaction. Often there is a failure to develop age- 
appropriate friendships. Core social impairments can 
consist of a lack of spontaneous seeking to share achieve¬ 
ments or interests with other individuals. They are also 
commonly exhibited by a deficit in social reciprocity with 
individuals having a decreased awareness of others. They 
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can be exhibited by a lack of empathy and awareness of the 
needs of others. 

Cross-References 

► Autism Spectrum Disorders and Mental Retardation 


Social Interaction Test 

Definition 

Two animals, typically rats or mice, are placed into an 
arena and their interactions, for example, investigation, 
following, and grooming, are recorded for a period of 
time, usually 5 to 10 min. Social behaviors such as follow¬ 
ing, adjacent lying, and anogenital sniffing are recorded 
by an observer or via automated image analysis. Many 
drugs modulate behavior on the social interaction test: 
benzodiazepines, MDMA, and oxytocin tend to increase 
social interaction while amphetamines, cannabinoids, 
NMDA antagonists, and withdrawal from various 

► drugs of abuse tend to decrease social interaction. In 
the high-light version of the then test, the arena is brightly 
illuminated and this creates an aversive situation for the 
animals, which results in low levels of social interaction. 
In this configuration, it is possible to identify drugs or 
manipulations that reduce the inferred level of anxiety in 
the animals, that is, they result in an increased level of 
social interaction. In the low-light version, the arena is 
only illuminated with low, typically red light in order to 
minimize aversive cues. In this configuration, the level of 
interaction will be maximal and it is possible to test drugs 
or manipulations that reduce the normal level of social 
interactions. In addition to light level, which is the stron¬ 
gest experimental factor, the animals’ familiarity with the 
arena can be varied, for example, by having been intro¬ 
duced to the arena prior to the testing session, and whether 
the animals know each other prior to the testing session. 
Familiarity with the arena will reduce the level of aversive 
cues, but will also increase the level of territorial behavior, 
resulting in more fighting between the animals. Familiarity 
between the animals being tested can reduce the level of 
aversive cues during the testing situation and the level of 
fighting, because a hierarchy does not have to be estab¬ 
lished, but it may also increase variability in the data, 
because the animals will have a preestablished rank that 
not will be present if they are unfamiliar to each other. 

Cross-References 

► Amphetamines 

► Anxiety: Animal Models 


► Benzodiazepines 

► Cannabinoids 

► Methylenedioxymethamphetamine (MDMA) 

► Oxytocin 

► Social Behavior 

► Withdrawal 


Social Phobia 

► Social Anxiety Disorder 


Social Recognition Test 

Definition 

The test uses social memory, that is, remembering having 
seen another individual before, as a measure of cognitive 
function. A juvenile is introduced to an adult animal, 
typically rats are used, for 5-7 min and the level of 
investigative behavior performed by the adult animal to¬ 
ward the juvenile is recorded. After a delay of typically 
30 min, 2 h or 24 h, either the same juvenile or a novel 
juvenile is introduced to the same adult animal and the 
level of investigative behavior is recorded. If the adult 
animal recognizes the juvenile, the level of social investi¬ 
gation will be lower compared to the situation, where the 
adult male does not recognize the juvenile or it is a novel 
juvenile. In a variant of this test, an object is used instead 
of a juvenile animal. When the test is conducted using 
short delays between the two testing sessions, it is possible 
to identify drugs or manipulations that interfere with 
memory and learning, whereas for longtime delays it is 
possible to identify drugs or manipulations that enhance 
cognition. 
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Synonyms 
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Definition 

In most general terms, social stress refers to the immediate 
response to a change in the social life of an individual, 
either in response to separation or confrontation. If the 
social stress persists, pathological consequences become 
evident in suppressed reproductive, immune, and meta¬ 
bolic functions and in social intercourse; many cardinal 
symptoms of psychosis, depression, and drug abuse, 
such as anhedonia-like responses, dysregulated circadian 
rhythms, weight, and movements, emerge in vulnerable 
individuals. 

Impact of Psychoactive Drugs 

Types of Social Stress 

In the definition of social stress and the response to ► stress, 
pressures, loads, and strains, as characterized in the phys¬ 
ical, engineering, and military sciences, serve as meta¬ 
phors for physiological, cellular, and molecular events. 
In biological systems, the concepts of homeostasis and 
allostasis are important in the definition of stress - the 
former defining a set point surrounded by minimal and 
maximal limits and the latter referring to constantly 
changing boundaries. Like many other stressors, maternal 
separation stress and stress arising from social conflict in 
adulthood incorporate the rapid sympathetic and slower 
hypothalamic-pituitary-adrenal (HPA) responses. In ad¬ 
dition to these changes in the autonomic nervous system, 
many physiological and neurobiological features are 
unique to the specific social stress. 

Social Isolation, Crowding, and Instability 

Most primate species and other socially cohesive species, 
such as rats, require social contact, and deprivation of this 
contact constitutes a type of social stress that eventually 
results in behavioral, physiological, and neurochemical 
pathologies ( social isolation). In contrast, in animal spe¬ 
cies that disperse after puberty, single housing mimicks 
the life of males who mark, patrol, and defend their 
territory and exclude other males. The opposite type of 
social stress is represented by crowding , which in most cases 
leads to lethargy and eventual increased mortality. High 
population density profoundly alters the toxicity to drug 
action as demonstrated earlier by increased amphetamine 
toxicity in crowded mice. In species with well-defined 
social hierarchies, the establishment of social stratification 
by instability can be stressful. Experimentally, the constant 
rearrangement of social groups of laboratory animals has 
been used to induce constant social instability, although 
with questionable validity. 


Maternal Separation Distress 

Two types of maternal social separation stress have been 
identified with behavioral and neurobiological conse¬ 
quences that continue into adulthood and that are partic¬ 
ularly relevant to drug abuse and affective disorders. 
Experimental studies in rodents have identified a critical 
developmental period in rodents, starting about 3-4 days 
after birth, during which individuals are hyporesponsive 
to stress in terms of glucocorticoid activation. Brief separa¬ 
tions of pups from the dam (ca. 15 min/day) during this- 
period render the individual more resistant to stress in 
adulthood, possibly related to anxiety-like responses. 
In contrast, prolonged separations from the dam (ca. 
180 min/day) enhance the hypothalamic-pituitary re¬ 
sponse to stress in adulthood, possibly relevant to anhedo- 
nia, a core symptom of affective disorders. 

The amount of play and its intensity during adolescence 
determine how individuals cope with stress later on as 
adults. Some adolescents appear to be particularly vulnera¬ 
ble to social defeat stress, and these episodes of stress can 
impair neural maturation. Of particular concern is the 
impact of social stress during adolescence on the later 
acquisition of compulsive drug taking. 

Social Defeat Stress 

Social stress in adulthood is experienced most often in 
aggressive confrontations, typically during the formation 
of dominance hierarchies and during the breeding season. 
The socially defeated animal rapidly learns to display the 
species-typical defensive and submissive postures, acts, 
and signals. The physiological and behavioral consequences 
manifest themselves by impaired social interactions, partic¬ 
ularly reproductive activities, reduced exploration, dis¬ 
rupted foraging, less feeding, and drinking. Even a single 
episode of ► social defeat stress impairs circadian activity, 
nociception, and motor activity, and activates cellular 
activity in mesencephalic and corticolimbic nuclei. Re¬ 
peated episodes of social defeat stress amplify these neu¬ 
robiological and behavioral consequences over a long 
term. These enduring neuroadaptive changes lead to sen¬ 
sitized stimulant responses, similar to those after inter¬ 
mittent stimulant drug treatment. Repeated social defeat 
stress engenders also deficits in memory that relies on 
intact hippocampal activity. 

Social Subordination Stress 

When social stress is continuous rather than episodic such 
as in subordinate animals that are continuously exposed 
to the presence of higher ranking individuals, its behav¬ 
ioral repertoire and physiological functions are severely 
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compromised, in extreme cases leading to a morbid course. 
Subordinate animals are characterized by scars and wounds, 
inactivity, immunosuppression, elevated ACTH and glu¬ 
cocorticoid activity, lower androgens, eventual testicular 
regression, and adrenal hypertrophy. The persistent behav¬ 
ioral, immunological, and endocrine characteristics of a 
subordinate animal lead to lowered success in transmitting 
genes into the next generation and ensuring the survival of 
its offspring. 

Neurobiology and Psychopharmacology of 
Maternal Separation Stress 

GABAergic, glutamatergic, monoaminergic, and opioid 
peptidergic mechanisms are activated during the separa¬ 
tion stress of an infant from the dam. In most myomorph 
rodents, maternal separation stress is evident behavior- 
ally by the emission of loud and frequent ► ultrasonic 
vocalizations during the first 2 weeks after birth. Similar 
distress vocalizations are emitted in avian and primate 
species. These vocalizations are sensitive to the suppres¬ 
sive effects of agonists at the 5-HT! receptor family, posi¬ 
tive modulators of the ► GABA a receptors, and mGluR 2 /3 
receptor agonists. Drugs which are clinically effective as 

► anxiolytics (e.g., ► benzodiazepines, ► buspirone) and 

► antidepressants (e.g., SSRIs, SNRIs) effectively reduce 
the ultrasonic distress vocalizations by rodent pups that 
are separated from the dam and litter mates. These voca¬ 
lizations may be expressions of affective distress and 
serve primarily the immediate purpose to prompt retriev¬ 
al by the dam and, during prolonged separations, ther¬ 
moregulatory functions may become relevant. While the 
GABAergic, glutamatergic, monoaminergic, and opioid 
receptor systems continue to undergo significant matura¬ 
tion during the first weeks of life of rodents, the pharma¬ 
cological manipulations of these targets may result in 
effects on affective vocal responses that differ from those 
in the mature adult. 

Repeated maternal separation stress in the first 2 weeks 
after birth results in profound and long-lasting changes 
in the expression of the message for ► GABA, ► glutamate, 
and ► neuropeptides such as CRF and opioid peptides 
and their receptors. A key variable is the duration of the 
maternal separation; for example, prolonged daily mater¬ 
nal separations resulted in increased mRNA for CRF in 
hippocampal cells relative to the lower mRNA levels of 
CRF after short separations (180 vs. 15 min/day). Two 
types of long-term consequences are significant from a 
psychopharmacological perspective. First, rodent pups 
that are repeatedly separated from the dam and litter- 
mates can show depressive-like behavioral and neural 


phenotypes, and antidepressant treatment can prevent 
some of these changes. Secondly, of particular significance 
are the large and persistent increases in ► alcohol and 
stimulant self-administration and in sensitized responses 
to stimulant challenge in adults that were exposed during 
the stress hyporesponsive period to repeated long epi¬ 
sodes of uncontrollable maternal separation stress, al¬ 
though these increases are limited to specific 
experimental conditions. 

In addition to the hyporesponsiveness to psychomo¬ 
tor stimulants during adolescence, social defeat stress 
during this developmental period renders adolescents far 
less sensitive to the psychomotor stimulant effects of 
amphetamine or cocaine relative to adults in several ro¬ 
dent models. Repeated exposure to social defeat stress or 
to cocaine activates adolescent neural circuits in a remark¬ 
ably similar manner suggesting shared mechanisms of 
emerging resilience and vulnerability. 

Neurobiology and Psychopharmacology of Social 
Defeat and Subordination Stress 

In adulthood, even a single episode of social defeat stress 
may increase the release of DA in mesolimbic, but not 
striatal structures as assessed by in vivo ► microdialysis 
and fast-scan voltametry, complementing earlier evidence 
for noradrenergic activation in both the perpetrator 
and victim during social confrontations. Stimulant- 
evoked DA rises in the ► prefrontal cortex, and ► nucleus 
accumbens are very large after the intruder rat has expe¬ 
rienced several episodes of social defeat providing evi¬ 
dence for neural sensitization. This stress-sensitized 
release of cortical and accumbal DA needs to be integrated 
with the often reiterated hypothesis of DAs special role in 
reward processes. 

Increased serotonergic impulse flow characterizes social¬ 
ly stressed tree shrews and mice, as is evident in the activity 
of raphe cells as well as in the terminals in the ► hippocam¬ 
pus. Chronic social subordination stress results also in 
reduced affinity and message for receptors of the 5-HTi 
family in several animal species. Persistent changes in cel¬ 
lular activity after repeated social defeat stress are evident 
not only in the raphe cells, but also in the VTA ( ► ventral 
tegmental area), prefrontal cortex, and ► amygdala. 

The study of brief social defeat stress and of continu¬ 
ous subordination stress represents a promising source of 
information on account of anxiety- and depressive-like 
physiological and behavioral profiles in several animal 
models. Social defeat can engender features indicative of 
profound emotion, ranging from anhedonia to intense 
fear. The loss of social initiatives and the lack of 
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experiencing pleasure (“anhedonia”), most often assessed 
by the preference for sweet tastes, in animals that were 
exposed to uncontrollable, unpredictable, and chronic 
social defeat stress, can be attenuated by ► tricyclic anti¬ 
depressants and ► SSRIs. In parallel, antidepressants can 
reverse the social subordination and stress-induced sup¬ 
pression of neurogenesis in the hippocampus. Endoge¬ 
nous ► brain-derived nerve growth factor (BDNF) is 
profoundly suppressed by continuous social subordina¬ 
tion stress, and increased BDNF activity is detected in the 
VTA in animals exposed to intermittent episodes of brief 
social defeat stress suggesting an important role of this 
factor in the contrasting neuroadaptations after brief ver¬ 
sus continuous social stress. 

In anticipation of an imminent episode of social 
defeat stress, animals become hyperthermic and start to 
emit distress calls; these physiological and behavioral 
indices are interpreted to reflect intense emotional states. 
In fact, clinically effective ► anxiolytic drugs which act 
as positive modulators at GABA a receptors or at 5-HT 1A 
receptors attenuate these anxiety-like responses. These 
anxiolytic-like effects of benzodiazepines, ► buspirone, 
and also alcohol of the anticipatory hyperthermia and 

► distress vocalizations contrast with the absence of 
ameliorative effects on defensive responses in reaction to 
social stress. 

In laboratory rodent models, similar to other mild stres¬ 
sors such as tail pinch or foot-shock pulses, intermittent 
defeat stress induces a persistent, sensitized, psychomotor 
stimulant response upon challenge with a moderate dose of 

► cocaine, ► amphetamine, ► morphine, or ethanol. As 
little as one defeat experience is sufficient to induce a 
sensitized locomotor activation to a challenge with d- 
amphetamine, and this effect grows in magnitude and 
extends in time after repeated episodes of social defeat 
stress. Blockade of ► glutamate receptors in the VTA prior 
to each stress episode can prevent the sensitizing effect of 
stress, and this protective effect critically depends on 
BDNF and phosphorylation of ERK and CREB. Behavior¬ 
al and neural ► sensitization have been hypothesized to 
contribute to the neuroadaptations that escalate drug 
seeking and taking. 

The long-postulated facilitative effects of social stress on 
drug abuse are more directly examined under experimental 
conditions that quantify the rate, amount, and persistence 
of drug intake as a result of exposure to discrete episodes of 
social stress. Similar to other types of intermittent stress, 
brief episodes of social defeat stress in laboratory rats and 
nonhuman primates can facilitate the acquisition of stimu¬ 
lant and possibly alcohol self-administration, increase the 


rate of regular daily drug intake, and especially increase the 
amount and duration of cocaine self-administration under 
unlimited access conditions (“binging”). Mechanistic stud¬ 
ies have begun to delineate the glutamatergic, GABAergic, 
and peptidergic modulation of DA in the VTA-accumbens- 
prefrontal cortex-amygdala neural circuit as being critical 
for social defeat stress to escalate psychomotor stimulant 
intake. 

In contrast to the intense and prolonged cocaine tak¬ 
ing after episodic social defeat stress, continuously 
threatened subordinate rats responded less to a stimulant 
challenge in terms of locomotor hyperactivity and accum- 
bal DA release, and they ceased self-administering intra¬ 
venous cocaine sooner when given unlimited access 
relative to controls. There is indication that BDNF in the 
VTA, prefrontal cortex, and amygdala is suppressed as a 
result of chronic subordination stress. The divergent 
adaptations in BDNF cells after episodic relative to con¬ 
tinuous social stress appear, characteristic of escalated 
versus suppressed cocaine taking that follow different 
types of stress. To which extent the controllability of stress 
determines the BDNF activation in the prefrontal cortex 
remains to be determined. 

In sum, considerable evidence points to different kinds 
of social stress as risk factors for initiating, escalating, and 
resuming ► drug abuse in vulnerable individuals. The 
hyperdefensive behavior, weight dysregulation, signs of 
anhedonia, altered sleep, and activity patterns, and the 
profile of HPA activity in subordinate animals bear simi¬ 
larities to cardinal signs of depressed patients. Other signs 
in the physiological and behavioral repertoire of socially 
stressed animals may reflect anxiety-like responses. Un¬ 
derstanding the intracellular cascade of events in meso- 
corticolimbic circuits for the transition from episodic 
to continuous, inescapable social stress in infancy and 
adulthood promises to provide insight into basic reward 
processes that are relevant for addictive and affective 
disorders. 

Cross-References 

► Aggression, Clinical 

► Antidepressants 
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Sodium 4-Hydroxybutyrate 

► Oxybate 


Sodium 5-Ethyl-5-(1-Methylbutyl) 
Barbiturate 

► Pentobarbital 


Sodium Oxybate 

Definition 

The sodium salt of gamma-hydroxybutyrate (GHB). 


Solvent Abuse 

► Inhalant and Solvent Abuse 


Solvex 

► Reboxetine 


Somatization 

► Somatoform and Body Dysmorphic Disorders 


Somatoform and Body Dysmorphic 
Disorders 

Brian A. Fallon, Kelli J. Harding 

Columbia University, New York State Psychiatric 

Institute, New York, NY, USA 

Synonyms 

Abridged somatization; Functional somatic syndromes; 
Health anxiety; Heightened illness concern; Hypochon¬ 
dria; Illness anxiety 

Definition 

Pharmacologic agents have long been recognized as poten¬ 
tially helpful for patients with somatic symptoms such 
as insomnia and neuropathic pain. However, there have 
been very few well-controlled studies on the pharmacologic 
treatment of specific somatoform disorders as defined 
by DSM-III-R and ► DSM-IV. This section will summa¬ 
rize what is known, based on well-controlled studies on 
the pharmacologic treatment of three somatoform disor¬ 
ders - hypochondriasis, somatization disorder, and body 
dysmorphic disorder (BDD). 

Role of Pharmacotherapy 

Pharmacotherapy of Hypochondriasis 

The advent of the ► selective serotonin reuptake inhibi¬ 
tors (SSRIs) in the early 1990s led to a series of case 
reports suggesting efficacy for various depressive and 
anxiety disorders. Of particular relevance was the superior 
efficacy profile of the SSRIs, compared to primarily nor¬ 
adrenergic agents, in ► obsessive-compulsive disorders. 
Perhaps because of the favorable side effect profile and the 
striking efficacy for obsessional disorders proffered by the 
SSRIs, case reports and small series appeared, suggesting 
that agents with serotonergic activity might be particu¬ 
larly beneficial in helping patients with hypochondriasis 
as noted by Fallon and Feinstein (2001), with positive 
findings reported for clomipramine, fluvoxamine, fluoxe¬ 
tine, citalopram, paroxetine, nefazodone, and imipramine. 
Responder rates were high in the small (10-18 subjects) 
uncontrolled series for treatment completers, ranging from 
70 to 89%. Clinicians were advised to treat patients for 
8-12 weeks for optimal efficacy. 

Controlled data on the use of medication in the treat¬ 
ment of hypochondriasis, however, is limited to two ► ran¬ 
domized trials. In 2008, Fallon et al. (2008) conducted 
a ► placebo-controlled study of ► fluoxetine for 
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hypochondriasis among 45 randomized patients. At the 
primary end-point of week 12, the proportion of clini¬ 
cian-rated global improvement responders to fluoxetine 
compared to placebo was significant for the completer 
and minimum treatment samples and at the margin of 
significance (p = 05) for the intent-to-treat (ITT) sample. 
The responder rate for the ITT sample at week 12 was 
nearly twice as great for those patients randomized to 
fluoxetine (62.5%) as compared to placebo (33.3%). Be¬ 
cause this pattern of improvement was also seen at week 8, 
it was suggested that a treatment duration of 8 weeks of 
medication might be sufficient to test efficacy. When a 
conservative imputation method was used in which all 
patients not rated were categorized as nonresponders, the 
ITT responder rate at week 12 was 14/24 (58.3%) for 
fluoxetine vs. 4/21 (19.0%) for placebo (p = 007). The 
degree of improvement in hypochondriasis at week 12 
was moderate on average, but improvement appeared to 
increase over time. Fluoxetine was generally well-tolerated, 
as demonstrated by the comparable rates of study with¬ 
drawal for the fluoxetine-treated and placebo-treated 
groups. Although the sample size was small, these results 
support the conclusions that fluoxetine treatment is 
effective, durable, and well tolerated. 

In 2007, Greeven et al. (2007) conducted a rando¬ 
mized controlled trial among 112 patients comparing 
the efficacy of cognitive behavior therapy (CBT), ► par¬ 
oxetine, and a ► placebo (administered in a ► double¬ 
blind fashion) in the treatment of hypochondriasis. 

Patients were randomly assigned to one of the three 
treatments for 16 weeks. The main outcome measure was 
the Whiteley Index. The authors considered subjects who 
scored at least one standard deviation below the mean 
pretest score on the Whiteley Index as responders. For the 
ITT and completer cohorts, pooled CBT and paroxetine 
were significantly superior to placebo, but did not differ 
significantly from each other. The responder rates for 
the ITT and completer cohorts were 45 and 54% for CBT, 
30 and 38% for paroxetine, and 14 and 12% for placebo. 
For the ITT analysis, only CBT differed significantly from 
placebo. In the completer analysis, both paroxetine and 
CBT differed significantly from placebo. This study sup¬ 
ported the authors’ conclusion that paroxetine and CBT are 
each helpful short-term treatment options for patients with 
hypochondriasis. 

Patients with no insight into the irrationality of their 
illness concerns are often diagnosed as having ► delusion¬ 
al disorder, somatic subtype. Case reports and small series 
have reported the efficacy of typical and atypical antipsy- 
chotics in the treatment of delusional parasitosis in par¬ 
ticular, with marked improvement in two-thirds of cases. 


The antipsychotic ► pimozide was reported as effective 
for delusional parasitosis in two small placebo-controlled 
trials with ON-OFF-ON designs, but the use of pimozide 
remains a concern because of the increased risk of torsades 
de pointes and sudden death resulting from the drug’s 
tendency to prolong the electrocardiographic QT interval. 
Two meta-analyses of controlled studies of patients with 
delusional parasitosis, including one by Lepping et al. 
2007, have supported the benefits of typical and atypical 
antipsychotics. Whether SSRIs may play a role in the 
treatment of psychotic forms of health anxiety has not 
yet been adequately studied. 

Pharmacotherapy of Somatization Disorder 

Pharmacologic studies of somatization disorder are few. 
This reflects the stringency of the diagnostic criteria and 
the consequent rarity of the full-blown syndrome, which 
makes clinical trials extremely difficult. To circumvent this 
problem and to examine therapies for the much larger 
population of patients who frequent primary care doctor’s 
offices, researchers have conducted studies of patients who 
meet criteria for a spectrum of somatization conditions, 
primarily abridged somatization, which requires meeting 
fewer somatic criteria for diagnosis. There have also been 
meta-analyses, such as by Kroenke (2007), of studies 
conducted in patients who would meet the even more 
encompassing umbrella category of medically unexplained 
symptoms (MUS). Prior research suggests that roughly half 
of patients with MUS have a concomitant mood or anxiety 
disorder and that about one-third would meet criteria for a 
somatoform disorder. 

A meta-analysis by O’Mallay et al. (1999) identified 
studies of MUS, mainly representing headache, fibromy¬ 
algia, functional gastrointestinal disturbances, idiopathic 
pain, tinnitus, and chronic fatigue. Ninety-four rando¬ 
mized controlled trials (RCTs) were found that compared 
different ► antidepressant medications, including tricyc¬ 
lics and SSRIs; of these, 69% of the studies documented 
favorable outcome on either a pain score, a global assess¬ 
ment score or a summary symptom index. Of concern is 
that high withdrawal rates were seen in almost two-thirds 
of the studies. Of further concern is that only 37% of the 
studies reported the side-effect profiles from the antide¬ 
pressant medications. 

St. John’s wort was reported as efficacious in two 
6-week’s duration placebo-controlled treatment studies of 
MUS. The earlier study had 149 subjects, of whom 108 
met criteria for either somatization disorder or abridged 
somatization disorder. More recently, Muller et al. (2004) 
studied 173 subjects, of whom 67 met criteria for somati¬ 
zation or abridged somatization disorder. Improvement 
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was reported in both studies for symptoms and psycho¬ 
logical status. 

► Venlafaxine was studied in 112 patients with 
“multi-somatoform disorder” in a randomized double¬ 
blind controlled trial by Kroenke et al. (2006). Although 
pain improved, no change was noted in total somatic 
symptom score. 

In the RCT of fluoxetine for hypochondriasis con¬ 
ducted by Fallon et al. (2008), although improvement in 
hypochondriasis was noted, there was no significant dif¬ 
ference between drug and placebo in improvement in total 
quantity of somatic symptoms. 

Opipramol, a tricyclic ► anxiolytic with high affinity 
for sigma receptors, was studied in a placebo-controlled 
trial in 200 patients with mixed somatoform disorders 
(primarily somatization, abridged somatization, and an 
autonomic dysfunction syndrome). Although a reduction 
in total somatic symptoms and psychological symptoms 
was noted, the effect size was small. 

Overall, these studies suggest that antidepressants may 
have a beneficial role in the treatment of some of the MUS 
disorders known as “functional somatic syndromes” - 
fibromyalgia, irritable bowel, and headache. Data support¬ 
ing the benefit of pharmacologic agents for abridged or full 
somatization disorder is weaker. Although studies suggest 
a benefit for agents such as St. Johns wort, the effect size is 
not very large. Further study is needed to identify better 
treatments for this particularly troubled group of patients. 

Pharmacotherapy of Body Dysmorphic Disorder 

Following the advent of the SRIs, open treatment stu¬ 
dies of patients with BDD suggested beneficial effects 
of clomipramine, fluoxetine, and fluvoxamine, which was 
further confirmed by a 16-week double-blind crossover¬ 
design study of 29 subjects using ► clomipramine vs. de- 
sipramine conducted by Hollander et al. (1999). This 
crossover study showed clomipramine, a tricyclic with 
potent ► serotonin and ► norepinephrine reuptake inhi¬ 
bition, to be superior to desipramine, a tricyclic with 
predominant norepinephrine reuptake inhibition, on all 
primary outcome measures of BDD, including patients’ 
obsessive preoccupation with perceived body defects, repet¬ 
itive behaviors in response to this preoccupation, and 
global ratings of symptom severity. Additionally, a place¬ 
bo-controlled study in 2002 by Phillips and colleagues 
of fluoxetine (ft = 67 randomized, 59 completed) showed 
preferential response to fluoxetine at weeks 8 and 12 for 
treating the symptoms of BDD and for improving func¬ 
tional outcome. 

While different SRIs have not been compared directly 
in the treatment of BDD, initial studies showed a variety 


of them to have efficacy and tolerability. Several open- 
label studies have been done, including two with ► fluvox¬ 
amine (n - 15 and n - 30 and one with ► citalopram (ft = 
15). Additionally, in an open label study of ► escitalo- 
pram with 15 subjects with BDD, 73.3% (n = 11) reported 
significant symptom improvement, with 33% much im¬ 
proved and 46% very much improved at 4.7 d= 3.7 weeks. 
Comparison studies, assessing the degree of response and 
time to response, are needed. One study, which examined 
the quality of pharmacotherapy for BDD among 151 indi¬ 
viduals in a convenience sample found that, while many 
had been tried on an SRI (65.6%), only 12.9% of SRI trials 
were considered optimal and only 21.5% were considered 
minimally adequate. Optimal treatment is often consid¬ 
ered a minimum of 12 weeks in duration, with at least 
2-4 weeks at the highest dose tolerated by the patient. 

While SRIs are certainly effective for BDD, 25-50% of 
patients do not respond to current pharmacotherapies 
and; even among responders, the degree of improvement 
is often only partial. While the data are limited, augmen¬ 
tation with another psychiatric agent, such as ► buspir- 
one, may be helpful once the SRI has been optimized. 
Nonpsychiatric medical treatments, including the most 
commonly topical dermatologic treatments or creams, 
do not appear effective for the treatment of BDD. 

Review by Philips (2004) suggested there is no con¬ 
vincing evidence supporting the use of ► antipsychotic 
medications in BDD. Although initial case reports sug¬ 
gested that delusional BDD responded to pimozide, a 
small (ft = 28) placebo-controlled, double-blind study of 
pimozide augmentation of fluoxetine in BDD by Phillips 
in 2005 showed it to be no more effective than placebo 
(18.3% responding to pimozide and 17.6% responding 
to placebo), even in more delusional patients. Contrary to 
expectations, the delusional variant of BDD appears to 
respond to SRIs alone, with similar findings in adolescents 
with BDD. In the 1999 study of Hollander et al. (1999), 
clomipramine was surprisingly more effective for de¬ 
lusional patients than nondelusional patients, whereas 
the study of Philips et al. 2002 showed an equivalent 
BDD symptom response to fluoxetine (50 vs. 55%). 
Of note, in the latter study, delusional BDD patients 
were significantly less likely to respond to placebo than 
nondelusional patients. 

Cross-References 

► Antidepressants 

► Generalized Anxiety Disorder 

► Obsessive-Compulsive Anxiety Disorders 

► SNRI Antidepressants 

► SSRIs and Related Compounds 



Somatostatin 


1255 


References 

Fallon BA, Feinstein S (2001) Hypochondriasis. In: Phillips KA (ed) 
Somatoform and factitious disorders. American Psychiatric Publish¬ 
ing, Washington, DC, pp 27-65 

Fallon BA, Petkova E, Skritskaya N, Sanchez-Lacay A, Schneier F, Vermes D, 
Cheng J, Liebowitz MR (2008) A double-masked placebo-controlled 
study of fluoxetine for hypochondriasis. J Clin Psychopharmacol 
28:638-645 

Greeven A, Van Balkom AJ, Visser S et al. (2007) Cognitive behavior 
therapy and paroxetine in the treatment of hypochondriasis: a ran¬ 
domized controlled trial. Am J Psychiatry 164:91-99 

Hollander E, Allen A, Kwon J, Aronowitz B, Schmeidler J, Wong C et al. 
(1999) Clomipramine vs desipramine crossover trial in body dys¬ 
morphic disorder. Arch Gen Psychiatry 56:1033-1039 

Kroenke K (2007) Efficacy of treatment for Somatoform Disorders: a 
review of randomized controlled trials. Psychosom Med 69:881-888 

Kroenke K, Messina N, Benattia I, Graepel J, Musgnung J (2006) Venla- 
faxine extended relsease in the short-term treatment of depressed 
and anxious primary care patients with multi-somatoform disorder. 
J Clin Psychiatry 67:72-80 

Lepping P, Russell I, Freudenmann RW (2007) Antipsychotic treatment 
of primary delusional parasitosis: systematic review. Br J Psychiatry 
191:198-205 

Muller T, Mannel M, Murck H, Rahlfs VW (2004) Treatment of somato¬ 
form disorders with St. John’s wort: a randomized, double-blind and 
placebo-controlled trial. Psychosom Med 66:538-547 

O’Mallay PG, Jackson JL, Santoro J, Tomkins G, Baldern E, Kroenke K 
(1999) Antidepressant therapy for unexplained medical symptoms 
and syndromes. J Fam Pract 48:980-990 

Phillips KA (2004) Psychosis in body dysmorphic disorder. J Psychiatric 
Res 38:63-72 

Phillips KA, Albertini RS, Rasmussen SA (2002) A randomized placebo 
controlled trial of fluoxetine in body dysmorphic disorder. Arch Gen 
Psychiatry 59:381-388 


Somatostatin 

Daniel Hoyer 1 , Jacques Epelbaum 2 , Cecile Viollet 2 
1 Psychiatry/Neuroscience Research, WSJ-386/745 
Novartis Institutes for BioMedical Research, Basel, 
Switzerland 

2 Center for Psychiatry and Neuroscience, UMR 894 
INSERM, Faculte de Medecine, Universite Paris 
Descartes, Paris, France 


Synonyms 

Somatotropin release-inhibiting factor; SRIF 

Definition 

Somatostatin (somatotropin release-inhibiting factor, 
SRIF) is a cyclic peptide widely expressed throughout 
the central nervous system (CNS), in endocrine tissues, 


and in the gastrointestinal tract (GIT). The 14 amino acid 
peptide, somatostatin (SRIF-14), was first identified and 
isolated from ovine hypothalamic extracts by Guillemin 
and collaborators (Brazeau et al. 1973) during their search 
of GHRH hormone/growth hormone (GH) releasing hor¬ 
mone, instead they identified SRIF as a potent inhibitor of 
growth hormone release from the pituitary. Subsequently, 
a longer N-terminally extended form (SRIF-28) was iden¬ 
tified in the periphery, both deriving from the same 
prepropeptide. 

Pharmacological Properties 

Introduction 

About 20 years later, a rat ► neuropeptide with strong 
homology to SRIF was identified, cloned, and named 
► cortistatin (CST) due to its supposed brain selective 
expression; however, CST is also present in the periphery. 
In rodents, CST is a tetradecapeptide (CST-14), sharing up 
to 11 amino acids with SRIF, whereas the human homolog 
is a heptadecapeptide (CST-17). Similar to SRIF, a longer 
isoform of CST has also been identified, i.e., CST-29. Both 
peptides (SRIF and CST) are produced as prepropeptides, 
which are then processed to the final forms by peptide 
cleavage; it is strongly suggested that SRIF and CST are 
the products of gene duplication (De Fecea 2008; Hoyer 
et al. 1995). Finally, neuronostatin, a somatostatin-gene 
derived peptide isolated from gut, has recently been men¬ 
tioned to be expressed in some brain regions, but acti¬ 
vation of SRIF receptors does not seem to mediate its 
reported neuroendocrine effects. 

SRIF exerts a wide range of biological actions, includ¬ 
ing inhibition of secretion of growth hormone, insulin, 
glucagon, and gastrin as well as other hormones secreted 
by the pituitary and the GIT. SRIF also acts as a neuro- 
modulator in the CNS and, in addition, has marked anti¬ 
proliferative effects on a wide range of cancer cells (Viollet 
et al. 2008). Although various physiological parameters, 
including transitions between sleep phases, ► consolida¬ 
tion of short- and long-term memory, and locomotor 
activity, respond in an apparently peptide-specific man¬ 
ner to SRIF and CST, both peptides in the short and long 
forms have nanomolar affinity for each known SRIF re¬ 
ceptor subtype (sst!-sst 5 ). The existence of specific CST 
receptors has not been demonstrated so far in spite of 
major efforts (Siehler et al. 2008). Clinically, SRIF receptor 
modulation is targeted primarily in the endocrine and 
gastrointestinal sphere, especially in a number of gas- 
troenteropancreatic (GEP) cancers, although preclinical 
evidence points at a number of other diseases, such as 
inflammation, pain, migraine, epilepsy, additional cancers, 
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and neuropsychiatric disorders such as ► depression and 
► Alzheimer’s disease (Viollet et al. 2008). 

SRIF and CST Receptors 

SRIF and CST act via a family of ► G-protein-coupled 
receptors (GPCRs); it was suggested initially that there 
are two receptors, based on pharmacology and distribu¬ 
tion studies; receptors were distinguished by their high 
affinity or low affinity for ► octreotide (SMS-201-995); 
however, in the early 1990s, at least five receptors (ssG- 
sst 5 ) have been cloned and characterized from various 
species. Sequence homology is 39-57% among the five 
subtypes, each being highly conserved across species. 
Based on structural and operational features, they are 
divided into two groups: SRIF-1 (sst 2 , sst 3 and sst 5 recep¬ 
tors) and SRIF-2 (sstx and sst 4 receptors), distinguished 
by high affinity for small analogs such as octreotide, segli- 
tide (MK-678), and ► lanreotide (BIM-23014) for the 
SRIF-1 group. They have nanomolar affinities for SRIF 
and CST, and will be generically referred to as SRIF 
receptors here. In humans, SRIF receptors are encoded 
by five nonallelic genes, located on chromosomes 14, 17, 
22, 20, and 16, respectively. Genes coding for ssti, sst 3 , 
sst 4 , and sst 5 are intronless, whereas in rodents the sst 2 
gene contains three introns, which result in the generation 
of two receptor splice variants, sst 2A , and sst 2B (Hoyer 
et al. 1995). 

Studies utilizing subtype selective SRIF analogs in 
both in vivo and in vitro experiments, demonstrate that 
sst 2 receptors are the major player in the SRIF receptor 
family with broad inhibitory effects on the endocrine 
secretion e.g., growth hormone, insulin, glucagon, gas¬ 
trin, ► cholecystokinin, vasoactive intestinal peptide, and 
secretin, as well as the exocrine secretion, e.g., gastric acid, 
intestinal fluid, and pancreatic enzymes. sst 2 receptors 
also seem to play a major role in various forms of GEP 
cancers, in epilepsy and pain. The sstx receptor may func¬ 
tion as an autoreceptor in the basal ganglia, the ► hypo¬ 
thalamus, and the eye and possibly in the ► hippocampus. 
It is also involved in regulating insulin secretion (Thermos 
et al. 2006). sst 3 receptors are enigmatically localized to 
neuronal cilia, and sst 3 antagonists have marked behav¬ 
ioral effects (Viollet et al. 2008). sst 4 receptors are highly 
expressed in the cortex and the hippocampus and in the 
lung, where their role still remains to be defined; in the 
mouse they modulate epileptic activity whereas in the rat 
it seems that this effect is largely assigned to sst 2 receptors 
(Moneta et al. 2002). Hippocampal sst 4 have been recently 
shown to be involved in the selection of memory strate¬ 
gies, switching from the use of hippocampus-based 
multiple associations to the use of simple dorsal 


striatum-based behavioral responses (Gastambide et al. 
2009). sst 5 receptors mediate the inhibition of insulin 
release from the pancreatic |3-cells in addition to regulat¬ 
ing growth hormone release (Viollet et al. 2008). 

Currently, octreotide and lanreotide are in clinical use 
for the treatment of acromegaly, diarrhea, and various 
GEP tumors, whereas [ m In] penteotride is used for 
whole body tumor imaging. Other SRIF receptor agonists 
are in development for additional indications, such as 
Cushings disease. 

CST and SRIF appear to produce different effects both 
in the brain and in the periphery, especially in the im¬ 
mune system. Due to these differences, the existence of 
CST-specific receptors has been suggested: MgrX2 and 
GHS-Rla are two unrelated orphan receptors reported 
to have affinity for CST; however, these reports have not 
received positive confirmation. On the other hand, there 
is convincing evidence for CST and SRIF to act with 
similar high affinity and efficacy at the known sst!-sst 5 
receptors (De Lecea 2008; Siehler et al. 2008). Since the 
existence of specific CST receptors is still an open ques¬ 
tion, thus we will generically refer to SRIF receptors here. 

SRIF and SRIF Receptors in the Brain 

Two types of somatostatinergic neurons exist in the CNS: 
long-projecting neurons and short GABAergic inter¬ 
neurons. SRIF neurons are primarily located in the 
hypothalamus, hippocampus, striatum, cerebral cortex, 
► amygdala, preoptic area, olfactory bulb, and brainstem. 
Concerning receptor mapping, data from receptor auto¬ 
radiography, RT-PCR, in situ hybridization and immuno- 
cytochemistry studies and receptor knockout/LacZ knock- 
in use allow to state the following: all five SRIF receptors 
are present in the brain, sst 2 being the most prominent 
whereas sst 5 shows the lowest expression levels. sst 2 is 
often coexpressed with other given subtypes in a tissue- 
specific way, and the functional meaning of such differen¬ 
tial expression repertoires is currently under study. In 
rodents and humans, the olfactory bulb expresses sst 2 , 
sst 3 , and sst 4 , when the anterior olfactory nucleus does 
express primarily sst 2 , the neocortex, sst 2 and sst 4 ; in the 
hippocampus, DG and CA3 region express sst 2 whereas 
the CA1 region displays both sst 2 and sst 4 ; in the amygdala 
and locus coeruleus, sst 2 expression is largely predomi¬ 
nant, whereas the hypothalamus expresses ssG and sst 2 
receptors. sst 5 receptors are very scarce in the brain. The 
sst 3 receptor is peculiar, as its mRNA is highly detected in 
several brain regions; however, the sst 3 protein does not 
distribute in a somatodendritc fashion, as the other recep¬ 
tors, but is restricted to somatic neuronal cilia, whose 
function remains elusive (see Viollet et al. 2008). 
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Somatostatin and its receptors (sst^ sst 2 , and sst 3 ) are 
also transiently expressed concomitantly during early sen¬ 
sory and brain development, suggesting that they may 
participate in ontogenetic processes. 

The Somatostatin System in Health and Disease 

Beside its neuroendocrine functions, somatostatin and its 
receptors have neuromodulatory roles, influencing motor 
activity, sleep, sensory processes, and cognitive functions. 
SRIF and its receptors are altered in affective and neuro¬ 
logical disorders, e.g., depression, migraine, pain, epilepsy, 
and Alzheimer’s disease. SRIF acts as a neuromodulator, 
e.g., of gamma-aminobutyric acid (►GABA), ►gluta¬ 
mate, and ► acetylcholine, and has both pro- and anti¬ 
convulsant activity, that are potentially relevant to the 
neurobiology of affective disorders. A consistent alter¬ 
ation observed in depression is the state-dependent de¬ 
crease of CSF SRIF (Roca et al. 1999). However, such a 
decrease is seen also in other patient populations where 
cognition is or may be impaired, such as ► schizophre¬ 
nia, Alzheimer’s dementia, drug refractory epilepsy, and 
multiple sclerosis. The SRIF decrease in affective illness and 
active multiple sclerosis has been considered state depen¬ 
dent, in that levels normalize with recovery from the acute 
episode. On the other hand, increased SRIF levels have been 
reported in psychiatric illness where cognition is accelerated, 
as in ► mania and ruminative or ► obsessive-compulsive 
disorder (Viollet et al. 2008). Finally, acromegalic patients 
treated with somatostatin agonists are largely devoid of 
migraine attacks. 

Which Role for the Various SRIF Receptors? 

sst 2 receptors: Somatostatin induces an inwardly rectify¬ 
ing K + current in almost all projection neurons of the 
lateral amygdala: these effects are blocked by an sst 2 an¬ 
tagonist or mimicked by a sst 2 agonist. A role for sst 1? sst 3 , 
or sst 4 receptors was ruled out since selective agonists 
were ineffective. Preclinical data suggest a role of somato¬ 
statin neurons in the central nucleus of the amygdala in 
rats on fear, since octreotide applied locally on caudal 
pontine reticular nucleus neurons blocks fear potentia¬ 
tion. These cellular effects support ► anxiolytic as well as 
► anticonvulsant and antiepileptogenic actions of so¬ 
matostatin or analogs in the amygdala (Fendt et al. 
1996). Somatostatin also plays a critical role in the acqui¬ 
sition of ► contextual fear memory, but not does not tone 
fear learning, which supports a role for SRIF in hippo¬ 
campal synaptic plasticity in processing contextual infor¬ 
mation. These data are in line with an anxiety phenotype 
presented by the sst 2 KO mouse, which is also impaired 
with respect to memory. SRIF modulates ► glutamate 


release in the striatum, an effect that is abolished in sst 2 
receptor KOs. The sst 2 receptor modulates neprilysin, 
which affects A(3 42 metabolism. SRIF KO mice have higher 
concentrations of the A(3 42 peptide, accumulation of 
which leads to late-onset sporadic Alzheimer’s disease. 
sst 2 and sst 4 receptors also seem to interact positively on 
the phosphorylation of ► Tau proteins at the Ser 262 site, 
a site modified in Alzheimer’s disease. On the other hand, 
3 and 6 h after middle cerebral artery occlusion (MCAO) 
in the rat, sst 2 receptors were internalized excessively in 
cerebrocortical neurons adjacent to the infarct and sst 2 - 
deficient mice exhibit a 40% reduction of infarct size 
after permanent distal MCAO and a 63% reduction after 
transient proximal MCAO as compared to wild type ani¬ 
mals. Thus, the activation of sst 2 receptors by an endog¬ 
enous ligand after focal ischemia may contribute to 
increased sst 2 gene expression and postischemic neurode¬ 
generation (see Viollet et al. 2008). 

sst! receptors: ssG receptors are present in the brain, 
retina, neuroendocrine cells, endothelial cells, and various 
human tumors. They are involved in the intrahypothala- 
mic regulation of growth hormone (GH) secretion and 
modulate somatostatin release in basal ganglia. We have 
proposed an autoreceptor role for sst! receptors located 
on somatostatin neurons in the hypothalamus, basal gang¬ 
lia, retina, and possibly hippocampus. Thus, sst r -selective 
analogs may play a role in various diseases, such as retinal 
and endocrine dysfunctions, cancer, and neuropsychiatric 
disorders. We have reported NVP-SRA880, an ssC antag¬ 
onist to promote social interactions, reduce aggressive 
behavior, and stimulate learning. SRA880 reduced contex¬ 
tual/fear conditioning without affecting cue-elicited freez¬ 
ing in rats (Thermos et al. 2006). Further, sst!-selective 
analogs have been shown to mimic the inhibitory effect 
of SRIF on GH secreting pituitary tumors; in medullary 
thyroid carcinoma, calcitonin secretion/gene expression is 
inhibited by sst x -selective agonists. Finally, sstselective 
agonists inhibit endothelial activities, suggesting utility 
for ssti-selective agonists in angiogenesis. 

sst 3 receptors: A potential role for sst 3 has been 
proposed in hippocampal dependent memory. sst 3 null 
mutant mice showed a severe impairment in their ability 
to recall previously learned spatial information. NVP- 
ACQ090, an orally active somatostatin sst 3 receptor an¬ 
tagonist has marked sociotropic effects in intruder mice, 
shows sociotropic effects in aggressive resident mice, and 
increases the social exploration of an intruder toward a 
non-aggressive resident rat. ACQ090 has anxiolytic-like 
activity in stress-induced hyperthermia and pronounced 
antidepressant-like effects in both the modified rat forced 
swim test and in olfactory bulbectomized rats. Thus, sst 3 
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receptor blockade has profound central effects in animal 
models for neurological and psychiatric disorders. 

sst 4 receptors: There is evidence in the mouse that the 
main role in mediating the antiepileptic effects of SRIF is 
by the sst 4 in conjunction with sst 2 receptor, whereas in 
the rat only sst 2 is involved. Unprovoked seizures are 
observed in the sst 4 KO. The sst 4 receptor couples to the 
K + M-current (J M , Kv7), which is an important regulator 
of cortical excitability; mutations in these channels cause 
a seizure disorder in humans. SRIF augments I M in hip¬ 
pocampal CA1 pyramidal neurons. When seizures were 
induced by a systemic injection of kainate, only sst 4 
knockouts showed an increase in seizure sensitivity. sst 2 
and sst 4 appear to mediate the majority of SRIF inhibition 
of epileptiform activity in CA1. sst 4 receptors could there¬ 
fore be an important novel target for developing new 
antiepileptic and antiepileptogenic drugs, but it remains 
to be seen that this applies to humans. sst 4 and sst 2 
receptors can interact in a cooperative or in a competi¬ 
tive manner. Thus, when applied in the hippocampus, 
L-803087, a selective sst 4 receptor agonist, doubled seizure 
activity and facilitated AMPA-mediated synaptic responses 
in wild-type mice on average and this effect was blocked by 
octreotide. However, the sst 4 agonist was no longer active 
in sst 2 KO mice. 

sst 5 receptors: Little is known about sst 5 receptors in 
the brain, which seem to express very low sst 5 levels, al¬ 
though the LacZ expression of the sst 5 KO looks very high 
in the hippocampus. Brain penetrant selective ligands are 
essentially missing or have not produced any remarkable 
central effect. Peripherally, sst 5 receptors modulate insulin 
release and various other endocrine effects appear to be 
mediated by hypothalamic sst 5 receptors. 

Outlook 

The involvement of SRIF and its receptors in neurological 
and psychiatric disorders is still largely circumstantial, 
primarily since selective and brain penetrating ligands 
have not reached the market yet. However, preclinical 
evidence as well as changes in SRIF and receptor levels 
in various diseases strongly suggest that modulating SRIF 
receptor activity will have clinical relevance in neuropsy¬ 
chiatric diseases. 

Cross-References 

► Somatostatin Receptors 
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Somatostatin Receptors 

Synonyms 

sstu sst 2 ; sst 3 ; sst 4 ; sst 5 

Definition 

Five SRIF receptors (sst!-sst 5 ) have been cloned from 
various species. Sequence homology is 39-57% among 
the five subtypes; each is highly conserved across species. 
They have nanomolar affinity for SRIF and CST. Human 
SRIF receptors are encoded by five nonallelic genes, locat¬ 
ed on chromosomes 14, 17, 22, 20, and 16, respectively. 
Genes coding for sst l5 sst 3 , sst 4 , and sst 5 are intronless, 
whereas in rodents the gene for sst 2 contains three introns, 
which result in the generation of two receptor splice 
variants, sst 2A and sst 2B . SRIF receptors are GPCRs; they 
couple to G 0 /Gi proteins and modulate cyclic AMP pro¬ 
duction and other transduction pathways. 


Somatotropin Release-Inhibiting Factor 


► Somatostatin 
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Somatuline 

► Lanreotide 


Source Analysis 

► Source Localization Techniques 


T-maze and basing the measure of memory on the well-- 
known tendency of rats spontaneously to alternate their 
spatial choices. The memory load can be increased by 
lengthening the delay between the first and second trials. 
Analogous but not equivalent to spatial delayed response 
task in nonhuman primates. 


Spatial Learning in Animals 


Source Localization Techniques 


Stan Floresco 

Department of Psychology, University of British 
Columbia, Vancouver, Canada 


Synonyms 

Source analysis 

Definition 

Source localization techniques refer to a set of mathemat¬ 
ical techniques for identifying the locus or loci of neural 
activity that give rise to a particular ERP voltage distribu¬ 
tion measured on the surface of the scalp. By making 
assumptions about the physical properties of the skull, 
brain, and underlying active neural populations, these 
methods attempt to constrain the number of possible 
source configurations that can explain the observed scalp 
distribution. Preexisting knowledge about the brain and 
further assumptions, for example, about the number of 
active sources, are needed to arrive at a plausible solution. 
An important shortcoming of source localization techni¬ 
ques is that there is no means of quantifying the likelihood 
that a solution is correct. 

Cross-References 

► Event-Related Potentials 

► Inverse Problem 


► Substance P 


Spatial Delayed Alternation 

Definition 

Classical paradigm for measuring short-term (often called 
“working”) memory in rodents generally employing a 


Synonyms 

Place learning; Spatial navigation 

Definition 

Spatial learning refers to the process through which ani¬ 
mals encode information about their environment to 
facilitate navigation through space and recall the location 
of motivationally relevant stimuli. This form of learning is 
critically dependent on the integrity of the ► hippocam¬ 
pus, although surrounding regions of the temporal cortex 
and certain forebrain structures also play a role in these 
processes. It is generally believed that spatial learning 
entails encoding of the locations of cues relative to the 
position of other cues in a particular environment that 
leads to the formation of a cognitive map of an indivi- 
duaEs surroundings. Thus, during spatial learning, ani¬ 
mals use allocentric spatial cues to navigate in space, 
keeping track of their position relative to other distal 
stimuli. Support for this notion comes from the finding 
of place cells in the hippocampus, where different groups 
of neurons in this region display consistent changes in 
firing when an animal is oriented in a particular location 
in space. Moreover, changing the arrangement of distal 
spatial cues in an arena reorganizes the patterns of activity 
in these place cells to match the new orientation of stimuli 
in the environment. In rodents, one of the most common 
means for assessing spatial learning is with different types 
of maze tasks, where rats or mice use allocentric cues to 
guide an escape response (e.g., finding a hidden platform 
in a ► water maze task) or to locate food (e.g., on a 
► radial arm maze). The majority of studies that have 
investigated the psychopharmacology of spatial learning 
have used these types of tasks. An important caveat is that 
drugs that alter performance of these tasks do not appear 
to exert a selective influence on spatial learning and 
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memory, as they typically can affect other forms of 
learning independent of the hippocampus. As such, pre- 
clinical tests of spatial learning in rodents, either in intact 
animals or those subjected to treatments that impair 
spatial learning, are often used as an initial assay to inves¬ 
tigate the effects of potential cognition enhancing drugs. 

Impact of Psychoactive Drugs 

Excitatory Amino Acids 

Drugs with interference from glutamatergic transmission, 
particularly those which block the n-methyl-D-aspartate 

► (NMDA) receptor subtype, severely interfere with spa¬ 
tial learning. The systemic administration of either 
competitive (e.g., CPP) or noncompetitive (MK-801, 

► phencyclidine) NMDA antagonists impair learning 
of spatially cued escape response in a water maze task 
(reviewed by McNamara and Skelton 1993). Similarly, 
administration of these compounds also impairs search 
behavior guided by spatial memory on appetitively moti¬ 
vated tasks such as the radial arm maze. The effects of 
these treatments seem largely attributable to the blockade 
of NMDA receptors in the hippocampus, as local admin¬ 
istration of these compounds also impairs spatial learning. 
However, the administration of NMDA receptor antago¬ 
nists after training have a substantially blunted effect, sug¬ 
gesting that hippocampal NMDA receptors are required for 
the acquisition and perhaps the initial ► consolidation of 
hippocampus-dependent memory, but not for its mainte¬ 
nance. These effects do not appear attributable to disrup¬ 
tions in motor or motivational processes because they do 
not interfere with the ability of animals to learn the 
approach at a single proximal cue, when, for example, 
rats must swim to a visible platform in a water maze. In 
contrast to the above mentioned findings, blockade of 
non-NMDA (e.g., ► AMPA) receptors impairs both the 
acquisition and retrieval of spatial information. In this 
regard, drugs that potentiate currents mediated by AMPA 
type ► glutamate receptors (ampakines) have shown effi¬ 
cacy in improving spatial and other forms of learning in 
animal models (Arai and Kessler 2007). The effects of 
drugs acting on ► metabotropic glutamate receptors 
have received less attention, although antagonists at 
mGlurl and five sites have been reported to impair the 
acquisition of a water maze task. 

The ability of NMDA antagonists to impair spatial 
learning has been proposed to be related to disruptions 
in certain forms of ► synaptic plasticity in the hippocam¬ 
pus, given that compounds that impair spatial learning 
also impede the induction of ► long-term potentiation 
(LTP) in this region. Notably, blockade of NMDA 


receptors does not affect maintenance of LTP. Similarly, 
systemic blockade of these receptors with competitive 
antagonists induces a selective disruption of the forma¬ 
tion of ► place cell activity in the hippocampus. Place 
fields that formed de novo in the presence of NMDA 
antagonists are unstable, but these treatments do not 
affect the maintenance of previously established place 
fields, although they do disrupt the expansion of place 
fields that occurs with repeated exposure to an environ¬ 
ment. These findings are in keeping with the dissociable 
effects of NMDA antagonism on learning versus ► re¬ 
trieval of ► spatial memories (Nakazawa et al. 2004). 

Acetylcholine 

The hippocampus receives dense cholinergic enervation 
from the septum that mediates theta frequency oscillatory 
activity, thought to be important for the exploration of 
novel environments. The blockade of ► muscarinic cho¬ 
linergic receptors with nonselective antagonists such as 

► scopolamine or atropine severely disrupts both spatial 
learning and memory in a manner independent of the 
effects of these compounds on sensorimotor and proce¬ 
dural learning (McNamara and Skelton 1993). The use of 
these compounds in combination with spatial learning 
tasks has become a popular preclinical animal model for 
cognitive dysfunction for which to test the effects of 
potential ► cognitive enhancers. Perturbations in spatial 
learning induced by these drugs appear to be due to the 
blockade of postsynaptic M : receptors, as similar effects 
have been observed following peripheral or central 
administration of M x antagonists such as pirenzepine. 
Conversely, in some instances, enhancing cholinergic 
transmission can induce a beneficial effect on spatial 
learning. For example, blockade of M 2 autoreceptors 
with drugs such as methoctramine or AFDX 116 increases 

► acetylcholine release and improves learning on tests of 
spatial abilities using different maze paradigms. Likewise, 

► cholinesterase inhibitors ( ► physostigmine, ► tacrine) 
also can improve spatial learning, particularly in aged 
animals. Drugs of this nature have been used to offset 
aging-related cognitive decline occurring in human 
patients. ► Nicotinic cholinergic receptors have also 
been implicated in spatial learning. ► Nicotine or recep¬ 
tor subtype selective agonists improve spatial abilities in 
preclinical animal models. Current drug discovery re¬ 
search aimed at developing novel pro-cognitive com¬ 
pounds has focused on the alpha-7 subunit of the 
nicotinic receptor as a potential target. ► Genetically 
modified mice lacking this subunit display impairments 
in spatial and other forms of learning, whereas com¬ 
pounds, which stimulate receptors that include this 
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subunit, can enhance spatial learning and memory. The 
development of these compounds may prove beneficial 
for treating cognitive deficits observed in a number of 
disorders, including ► Alzheimer’s and ► schizophrenia. 

Although it is well established that the blockade of 
cholinergic transmission can impair spatial learning, it 
remains unclear where these compounds may be exerting 
their effects. The local administration of muscarinic 
antagonists into the hippocampus interferes with place 
cell firing. However, the deafferentation of cholinergic 
inputs to the hippocampus via 192 IgG-saporin lesions 
of the septum do not reliably impair spatial learning using 
water or radial maze tasks (Baxter 2001). This would 
suggest that impairments in spatial learning induced by 
the systemic administration of cholinergic antagonists 
occur via the blockade of extra-hippocampal cholinergic 
receptors, possibly in different regions of the cerebral 
cortex. Notably, cholinergic transmission has been heavily 
implicated in attentional processing. It has been proposed 
that acetylcholine serves to enhance the influence of feed¬ 
forward afferent input to the cortex while decreasing 
background activity by suppressing excitatory feedback 
connections within cortical circuits. By enhancing the 
response to sensory input, high levels of acetylcholine 
enhance attention to sensory stimuli in the environment 
and enhance the encoding of memory for specific stimuli 
(Hasselmo 2006). Thus, even though manipulations of 
cholinergic transmissions can influence acquisition and 
performance of tasks requiring the use of spatial cues to 
guide behavior, the effects of these compounds may not 
be due to a specific affect on the encoding or retrieval of 
spatial memories per se. 

Monoamines 

The systemic administration of dopamine antagonists 
acting at D x (SCH 23390) or D 2 (► haloperidol, ► sulpir¬ 
ide) receptors have been reported to impair spatial 
learning assessed with water maze tasks. In some 
instances, these effects were accompanied by motoric 
deficits as well, whereas other reports have shown that 
lower doses of these drugs that do not induce motor 
impairments are effective at impairing spatial learning. 
The hippocampus receives dopaminergic innervation, 
and studies combining behavioral and electrophysiologi- 
cal methodologies point to a role for D1 receptors in 
facilitating hippocampal synaptic plasticity, which may 
enhance the formation of novel spatial memories. Dopa¬ 
mine has been shown to modulate acetylcholine release, 
which may contribute to some of the effects of pharma¬ 
cological manipulation of dopamine transmission on spa¬ 
tial learning and memory. Furthermore, dopamine 


receptor activity in forebrain regions (ventral striatum, 

► prefrontal cortex) also appear to be required for some 
forms of spatial learning and memory, as the local infu¬ 
sion of dopamine antagonists into these regions can also 
impede acquisition and recall. 

Noradrenergic inputs to the hippocampus stem exclu¬ 
sively from the locus coeruleus, the majority of which 
terminates in the dentate gyrus. Pharmacological manip¬ 
ulations of noradrenergic receptors, particularly the beta 
subtype with agonists such as isoproterenol can modulate 
the formation of long-term potentiation in the hippo¬ 
campus. Furthermore, increases or decreases in noradren¬ 
ergic tone via blockade (atipamezole) or stimulation 
(dexmedetomidine) of alpha-2 adrenergic autoreceptors 
leads to instability of place fields in the hippocampus. 
Interestingly, however, the depletion of central ► nor¬ 
adrenaline with selective ► neurotoxins does not impair 
the learning of spatial tasks. Nevertheless, drugs that 
enhance central noradrenergic activity can improve per¬ 
formance on spatial memory tasks. Much of this research 
has focused on the contribution of noradrenergic trans¬ 
mission in the memory modulating effects of stress 
(Roozendaal et al. 2006). For example, the ability of 
glucocorticoid stress hormones to disrupt spatial and 
other forms of memory are blocked by the coadministra¬ 
tion of beta-1 receptor adrenergic antagonists such as 
atenolol either systemically or directly into the hippocam¬ 
pus. Conversely, the post-training activation of adrenergic 
receptors with adrenaline improves subsequent perfor¬ 
mance of spatial memory tasks, and these effects are 
blocked by the coadministration of beta-receptor antago¬ 
nists. These findings suggest that under some conditions, 
acute increases of noradrenergic activity facilitate the 
consolidation of new spatial memories. A particularly 
interesting aspect of these findings is that post-training 
infusions of these compounds into the basolateral 

► amygdala (a region that normally does not contribute 
to spatial learning) also enhances the consolidation of 
spatial memories (as well as other forms of learning; 
Ferry et al. 1999). Enhancements in learning induced by 
the activation of amygdala adrenoreceptors are thought 
to be part of a neural mechanism through which stressful 
or emotionally charged events augment the encoding of 
new memories. 

The hippocampus receives considerable serotonergic 
innervation and contains a high density of 5-HT recep¬ 
tors, yet, global depletions of brain ► serotonin typically 
do not impair spatial learning. Nevertheless, the pharma¬ 
cological manipulation of different 5-HT receptors has 
been shown to affect spatial learning processes. In general, 
the blockade of different 5-HT receptors tends to improve 
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spatial learning, whereas the administration of relatively 
selective 5-HT agonists induce detrimental effects. For 
example, systemic or intra-hippocampal administration 
agonists active at either 5-HT 1A (8-OH-DPAT) or IB 
(anpirtoline) receptors generally leads to impairments in 
spatial learning in the water maze (Ogren et al. 2008). 
Furthermore, the administration of the 5-HT 1A antago¬ 
nist WAY 100635 ameliorates impairments in spatial mem¬ 
ory induced by muscarinic antagonism with scopolamine, 
indicated that 5-HT1A receptor agents may modify spatial 
memory through interactions with the cholinergic system. 
Similar improvements in spatial learning have been ob¬ 
served following intra-hippocampal blockade of 5HT 2A /2c 
antagonist with ritanserin, or systemic blockade of 5-HT 6 
receptors (SB-271046). Thus, it appears that the blockade 
of multiple 5-FIT receptors may actually exert a beneficial 
effect on spatial learning. Accordingly, identifying novel 
5-HT antagonists may prove to be a fruitful strategy in the 
development of cognitive enhancing drugs. 

Cross-References 

► Beta-Adrenoceptor Antagonists 

► Excitatory Amino Acids and Their Antagonists 

► Long-Term Potentiation and Memory 

► Muscarinic Agonists and Antagonists 

► Nicotinic Agonists and Antagonists 

► Rodent Models of Cognition 
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Spatial Memory 

Definition 

Spatial memory refers to memory for the location of 
objects and self-orientation within the environment. 

Cross-References 

► Spatial Memory in Animals 

► Spatial Memory in Humans 


Spatial Memory in Humans 

Mitul A. Mehta 

Centre for Neuroimaging Sciences, Institute of Psychiatry 
at King’s College London, London, UK 

Synonyms 

Spatial memory is often used to describe spatial navigation 
and encompasses egocentric and allocentric memories 

Definition 

Spatial memory describes information storage and re¬ 
trieval required for identification and navigation of prox¬ 
imal or distal space. This is distinct from spatial working 
memory which refers to active representations stored and 
manipulated over seconds. Two main frames of reference 
have been described: egocentric, which is related directly 
to the observer, and allocentric, which is dependent on the 
relational position of objects in space. Routes depend 
more on egocentric frames of reference, whereas maps 
are more flexible to landmark changes and thus depend 
more on allocentric frames of reference. Although often 
discussed separately, an emerging view is that both ego¬ 
centric and allocentric spatial memories are coded but 
these may interact and depend on interacting brain 
regions. Spatial memories can be representations of sa¬ 
lient cues for navigation or be more detailed representa¬ 
tions, including topography, allowing reexperiencing of 
the environment (Moscovitch et al. 2005). A useful anal¬ 
ogy has been proposed such that schematic representa¬ 
tions of topography correspond to ► semantic memory 
and detailed representations correspond to ► episodic, 
autobiographical memory. Classic tasks of spatial memo¬ 
ry in experimental animals include the ► Morris water 
maze, Olton maze, and ► radial arm maze (although 
these latter tasks can incorporate a large ► working mem¬ 
ory component). In humans, both static (route reporting 
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and drawing) as well as real-world tasks can be used 
and while being informative, they are severely limited in 
interpretability and control of motivation and strategy. 
Emerging use of virtual reality provides a mechanism to 
integrate realistic representations of space and environ¬ 
ment with controlled laboratory assessments, including 
functional brain imaging, which requires the participant 
to remain still during the course of an experiment. 

Functional Neuroanatomy 

The human visual system comprises two processing 
streams, a dorsal “where” system important for spatial 
navigation and a ventral “what” system for object recog¬ 
nition. Goodale and Milner (1992) emphasized the trans¬ 
formations that may be required for information in each 
stream, relabeling the dorsal stream as a “how” system. 
This system was proposed to be involved in action prepa¬ 
ration via transformation of visual information using an 
egocentric frame of reference, whereas the ventral system 
processed transformation for long-lasting representations 
using multiple frames of reference. Functional brain im¬ 
aging, including studies using virtual reality, largely sup¬ 
ports this general distinction. For example, Aguirre and 
D’Esposito (1997) initially trained subjects on learning 
the location of 16 objects in a virtual town. ► Functional 
MRI (fMRI) scanning was performed during two condi¬ 
tions in which they judged (1) if the appearance of a 
location within the town matched the name of a location - 
the appearance condition; or (2) the direction of travel 
from a displayed location in the town to a given new 
location - the position condition. When contrasted 
against each other, the appearance condition showed 
greater activation in the fusiform and parahippocampal 
gyrus as well as occipital regions, whereas the position 
condition showed greater activation in more dorsal areas 
(i.e., superior and inferior parietal lobes). This study was 
performed in only four volunteers, but in general there 
is an agreement that the ► hippocampus and medial 
temporal lobe structures are required for the acquisition 
of spatial memories in humans (Parslow et al. 2005) and 
while fewer studies have examined retention and retrieval 
of spatial memories, the results of the ► fMRI study fit 
with studies showing that detailed episodic spatial mem¬ 
ories cannot survive damage to the hippocampus/medial 
temporal lobe (Moscovitch et al. 2005) and retrieval of 
spatial memories of taxi drivers in Fondon activates hip¬ 
pocampus/parahippocampal gyrus (Maguire et al. 1997). 
An alternate view is that the hippocampus may not have 
a selective role in allocentric spatial memory. For example, 
in a group of six patients with hippocampal damage 
performing an image-location memory task, impairments 


were dependent on the number of items rather than 
the degree of rotation between study and test phases 
(Shrager et al. 2007), although the use of smooth rotation 
might have favored egocentric mental rotation strategies 
(Burgess 2008). 

Overall, these studies align with the presence of 
hippocampus ► place cells in the rodent, monkey, and 
human brain. In humans, these cells were first described 
in seven patients with intractable epilepsy undergoing 
presurgical invasive monitoring, who played the role of a 
taxi driver in a spatial navigation game (Ekstrom et al. 
2003). Cells that responded to specific locations were 
primarily located in the hippocampus, whereas cells that 
responded to views of landmarks were primarily located 
in the parahippocampal region. Indeed, forming mem¬ 
ories of places, or landmarks or associating objects with 
particular locations, appears to require the parahippo¬ 
campal cortex. Other extrahippocampal regions also im¬ 
portant for spatial memory task performance include 
the posterior parietal cortex and striatum. The former 
is necessary in the representation of spatial information 
in terms of egocentric coordinates, allowing reaching 
and movement plans to be formulated as well as egocen¬ 
tric imagery. The striatum is generally thought to have a 
role in the learning of the procedural aspects of tasks, 
and may have dissociable roles in egocentric and allo¬ 
centric spatial memory consolidation (De Feonibus et al. 
2005). Using a task of object exploration with animals 
entering the same location (egocentric reference frame) or 
different locations (allocentric reference frame), focal in¬ 
jection of an NMDA receptor antagonist into the dorsal 
striatum impaired consolidation of the egocentric proce¬ 
dure, whereas intra-accumbens administration impaired 
both procedures. 

Impact of Psychoactive Drugs 

In experimental animals, the neurobiology and psycho- 
pharmacology of spatial memory have been extensively 
studied, dominated by the use of the Morris water maze 
(McNamara and Skelton 1993). The neurotransmitter and 
molecular mechanisms of medial temporal lobe and cor¬ 
tical structures involved in spatial memory implicate 
specific drug systems in the accurate acquisition and 
expression of these memories. Focusing on the hippo¬ 
campus as the most studied of these regions implicates 
glutamergic neurotransmittion through ► AMPA and 
► NMDA receptors, as well as modulatory influences of 
the cholinergic and serotonergic inputs. Muscarinic and 
nicotinic cholinergic receptor blockade as well as serotonin 
receptor antagonism can all modulate hippocampal glu- 
tamatergic and ► GABAergic neurotransmission as well 
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as the theta rhythm, which is hypothesized to allow rapid 
transitions between encoding and retrieval. 

Glutamate Receptors 

The ► NMDA receptor is a major target for glutamate in 
the brain and its role in ► long-term potentiation is 
thought to be related to mnemonic encoding. It is no 
surprise that NMDA blockade using compounds such as 
AP5, ► ketamine, or MK-801, either intrahippocampal or 
intracerebral in rats impairs spatial learning using the 
Morris water maze, without affecting perceptual or moti¬ 
vational processes. For example, a degree of selectivity 
is suggested by the lack of impairment on a nonspatial 
discrimination task following AP5 infusion (McNamara 
and Skelton 1993). ► Metabotropic glutamate receptor 
agents can also modulate spatial learning. For examples, 
an mGluR5 allosteric modulator enhances spatial learning 
in the rat, probably by enhancing LTP and LTD, and an 
mGluR2 receptor antagonist can impair spatial learning 
when infused into the nucleus accumbens. Although they 
are likely to play a role, the function of AMPA and kainate 
receptors in specific modulation of glutamatergic activity 
during spatial memory tasks is not well understood; simi¬ 
larly for the influence of NMDA receptor subunits. Aging, 
at least in mice, is known to be associated with changes in 
NMDA subunit expression which may contribute to mem¬ 
ory decline with aging (Zhao et al. 2009). 

Cholinergic Receptors 

Studies employing lesions of the cholinergic cell groups in 
the basal forebrain nucleus basalis magnocellularis or 
medial septum, pharmacological blockade of acetylcho¬ 
line receptors, age-related decreases in ► acetylcholine 
activity, and ► microdialysis to index acetylcholine release 
provide compelling converging evidence for the impor¬ 
tant role of the acetylcholine system in spatial memory. 
However, it is now generally accepted that cholinergic 
modulation can also influence visual attention, altering 
cue processing (e.g., Muir et al. 1993), and thus it is 
important that these additional effects are taken into 
account. In humans, fMRI and positron emission tomog¬ 
raphy (► PET) have confirmed the effects of cholinergic 
enhancement with ► physostigmine on stimulus-driven 
shifts in ► attention, which can reduce demands on work¬ 
ing memory processes in the ► prefrontal cortex. 

Within the hippocampus, microdialysis in the rat 
clearly shows a positive relationship between acetylcho¬ 
line and spatial learning and memory performance, and 
in humans it is predicted that patients with cholinergic 
dysfunction (e.g., ►Alzheimer’s disease) or volunteers 
administered scopolamine will be impaired on tasks of 


spatial memory via alteration of hippocampal activity 
based on the proposal that acetylcholine activity dynamics 
modulates hippocampal-based encoding of new informa¬ 
tion (Hasselmo 2006). Using a virtual reality-based spatial 
memory task based on the Morris water maze, deficits in 
hippocampal activation following scopolamine (0.4 mg s. 
c.) have been demonstrated in healthy volunteers (Anto¬ 
nova et al. 2009). The task requires the movement (using 
a trackball) to a platform in a virtual reality arena sur¬ 
rounded by abstract images (see Fig. 1). The memory for 
place is assessed by removing the platform and asking the 
volunteer to move to the platform location from the same 
starting point with different environmental cues (view- 
point-dependent or egocentric condition), or from dif¬ 
ferent starting points with the same environment cues 
(viewpoint-independent or allocentric condition). Using 
a different task of spatial navigation (Gron et al. 2006), the 
► acetylcholinesterase inhibitor and nicotinic cholinergic 
receptor agonist, ► galantamine (4 mg b.i.d. for 7 days), 
has been shown to modulate neural activity in a group of 
ten patients with ► mild cognitive impairment (these 
patients have an increased risk for developing clinically 
defined Alzheimer’s disease). Using one-sample Mests 
galantamine was shown to decrease activity in the supple¬ 
mentary motor area and increase activity in a network of 
regions known to be associated with this task in young 
healthy volunteers: occiptotemporal junction, fusiform 
gyrus, posterior cingulate, parahippocampal gyrus, and 
hippocampus. While the task depended in part on spatial 
memory, the use of egocentric or allocentric frames of 



Spatial Memory in Humans. Fig. 1. A screenshot of the 
arena task used by Parslow et al. (2005) reproduced with kind 
permission from Professor Robin Morris. The goal of the task is 
to move toward the pole, at first with the pole visible and 
subsequently after removal of the pole. Changes in the 
starting position and background environment allow the 
control of the frames of reference likely to be used in spatial 
memory recall. 
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reference was not controlled and the role of motivational 
and decision-making processes in the completion of such 
tasks is poorly understood. 

Other Neurotransmitters 

y-Aminobutyric acid ► (GABA) receptors control the 
flow of excitation through the brain. Within the hippo¬ 
campus, GABA receptors are categorized as ► GABA a and 
GABA b , which have differential distribution and control 
of neuronal activity. Expression of the oc 5 subunit of the 
GABA a receptor is enriched in pyramidal cells of the 
hippocampus, thus the knockout mouse can be consid¬ 
ered a model of hippocampal GABA a functionality. Per¬ 
formance is improved in the oc 5 subunit knockout mouse 
after administration of a full ► inverse agonist of the a 5 
subunit on the delayed match-to-place Morris water maze 
task, in which the platform is moved between trials. Do¬ 
pamine systems have previously been associated with the 
learning aspects of spatial memory tasks, with degenera¬ 
tion of the nigrostriatal dopamine system associated with 
learning deficits in the Morris water maze. Long-term 
effects on the consolidation of aspects of spatial memory, 
including object displacement tasks impaired after intra- 
accumbens injection of dopamine D1 and D2 antagonists, 
as well as improvements with ► levodopa, highlight a role 
for the striatal dopamine system. However, in terms of 
normal aging, analysis of impaired performance on the 
Morris water maze with age, in relation to hippocampal 
receptor density, showed no associations with dopamine 
D1 receptors. Serotonin 1A receptor binding sites were, 
however, increased in poor performers in keeping with 
the proposed role of 5-HT 1A receptors in encoding and 
consolidation of spatial memory rather than retrieval. 
Interestingly, 5-HT 1B knockout mice appear protected 
against age-related hippocampal memory decline. How¬ 
ever, a selective role in spatial memory has been ques¬ 
tioned by 5-HT release being associated more closely with 
motor behavior and feeding behavior during spatial 
memory tasks rather than task performance. To date, 
there are no studies in humans that test other agents 
against spatial memory tasks. 

Conclusions 

Spatial memory describes a collection of functions asso¬ 
ciated with spatial information processing including 
navigation and localizing of objects. Egocentric and allo- 
centric frames of reference have been proposed for spatial 
processing, but are likely to interact in many situations. 
Nonetheless, separable functional neuroanatomy appears 
plausible for egocentric (parietal lobes) and allocentric 
(hippocampal region/striatum) memory tasks, with the 


latter emerging recently in functional imaging investiga¬ 
tions using virtual reality. In keeping with the research 
in experimental animals, the hippocampal and proximal 
medial temporal lobe structures have a central role in 
spatial memory processing in humans. Predictions from 
hippocampal neuropharmacology of important neuro- 
transmitters in spatial memory processing imply a degree 
of opportunity for enhancement in human populations 
although this remains largely unexplored. A positive asso¬ 
ciation between cholinergic activity and spatial memory 
in healthy volunteers (using scopolamine) and patients 
with mild cognitive impairment (using galantamine) is a 
strong indicator for the scope of behavioral modulation 
possible with the correct target compounds. Further work 
with GABAergic agents, particularly a 5 inverse agonists, 
dopaminergic, and serotonergic compounds is required 
to validate predictions from experimental animals. 

Cross-References 

► Human Long-Term Memory 

► Human Short-Term and Working Memory 

► Short-Term and Working Memory in Humans 
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Spatial Navigation 

► Spatial Learning in Animals 


Spatiotemporal Coincidence 

Definition 

Signals that arrive at the same time at the same place. A 
specific example is high-frequency stimulation to induce 
long-term potentiation by depolarizing postsynaptic 
synapses at the time when the presynaptic axon is 
depolarized. 


► Summary of Product Characteristics 


Special K 

► Ketamine 


SPECT Imaging 
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Synonyms 

Single photon emission computed tomography; Single 
photon emission tomography (SPET); SPET 

Definition 

SPECT is a nuclear imaging method that uses a radioac¬ 
tive tracer (radiopharmaceutical) to measure blood flow 
or to label brain molecules of interest. The radioactive 
tracers used in SPECT produce a single photon that 
is detected by a camera sensitive to photon emissions 
(gamma camera). SPECT can be used in animal and 
human research and in human clinical diagnosis to non- 
invasively assay cerebral blood flow (as an indirect marker 
of neuronal activity) and cell molecular components of 
interest (targets) such as neurotransmitter receptors, neu¬ 
rotransmitter reuptake transporters, and other proteins of 
interest. SPECT methods and uses overlap considerably 
with those of positron emission tomography (►PET), 
another nuclear imaging method widely used in psycho- 
pharmacology. 

Principles and Role in Psychopharmacology 

Basic Method 

The fundamental principle of SPECT imaging consists of 
detecting, localizing, and quantifying gamma ray emis¬ 
sions from radiolabeled compounds. Gamma ray emis¬ 
sions are produced when an unstable isotope decays, 
emitting a photon. The radiolabeled compound is injected 
intravenously into an animal or human where it circulates 
throughout the body and to the brain. The photons emit¬ 
ted by the radiolabled compound are then detected with 
the ► Gamma Camara System. Figure 1 shows a schemat¬ 
ic of a SPECT imaging method, and Fig. 2 is an example of 
a human SPECT imaging system with two gamma cam¬ 
eras that can be positioned to image an area of interest. 

SPECT tracers in psychopharmacology are primarily of 
two types: (1) those that cross the ► blood-brain barrier 
and distribute nonspecifically in the brain (perfusion 
radiopharmaceuticals), and (2) those that cross the 
blood-brain barrier and distribute according to specific 
molecular targets (target molecule-binding radiopharma¬ 
ceuticals). 

SPECT perfusion ► radiopharmaceuticals (used to 
measure blood flow) are compounds that cross the 
blood-brain barrier and then distribute into the extracel¬ 
lular space in proportion to the blood flow to a region 
(Masdeu and Arbizu 2008). A successful SPECT perfusion 
tracer must have the correct lipophilicity properties so 
that it crosses the blood-brain barrier easily, but it must 
also have no specific binding to brain components. Once 
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Tomographic 
brain image 


SPECT Imaging. Fig. 1. SPECT imaging system. (Mettler and 
Guiberteau 2006, p 26). 



SPECT Imaging. Fig. 2. Human SPECT Scanner. A two- 
camera human SPECT scanner. (► http://www.impactscan. 
org/images/Philips_Precedence_SPECT-CT.jpg. Picture 
provided courtesy of Philips Healthcare). 


the photon counts are detected by the gamma camera 
system, the relative cerebral blood flow to an area can be 
determined. Since local neuronal activity is strongly cou¬ 
pled to cerebral blood flow, SPECT tracers can therefore 
be used as indirect indicators of changes in local neuronal 
activity. 

Unlike SPECT perfusion radiopharmaceuticals, target 
molecule-binding radiopharmaceuticals must have high 

► affinity and specificity for the target molecule. Usually, 
the affinity for the specific target molecule is at least 
tenfold greater than the concentration of the target mole¬ 
cule to be imaged. This requires that target molecule¬ 
binding radiopharmaceuticals have affinities for their tar¬ 
get molecules in the low nanomolar to picomolar range. 
In addition, these radiotracers must have sufficient lipo- 
philicity to allow penetrance of the blood-brain barrier, 
but not so high a lipophilicity as to produce high nonspe¬ 
cific binding. 

Radiopharmaceutical Synthesis 

SPECT radiopharmaceutical synthesis begins with a 

► Radionuclide. The two most widely used radionuclides 
in SPECT imaging are technetium (Tc) as [ 99m Tc] and 
iodine (I) as [ 123 I]. SPECT radionuclides are made pri¬ 
marily by irradiating atoms with charged particles (Leslie 
and Greenberg 2003; Mettler and Guiberteau 2006). 
A pharmacological molecule of interest, for example a neu¬ 
rotransmitter receptor or reuptake transporter binding li¬ 
gand, is then chemically attached to the radionuclide to 
create the ► Radiopharmaceutical. Because 123 I, " m Tc, 
and other single photon emitting radionuclides are rela¬ 
tively heavy atoms, it is difficult to attach them to small 
biologically active molecules such as glucose and have 
such small molecules retain their biological activity. As a 
result, SPECT radiopharmaceuticals for brain imaging are 
restricted to molecules with molecular weights of a few 
hundred, but cannot be too large as they will not pass the 
blood-brain barrier. 

Image Construction 

Image construction for SPECT requires the use of a 
specialized detection system called a gamma camera that 
uses hardware and software approaches to generate an 
image that shows the location and intensity of the tracer 
(Accorsi 2008). 

In both SPECT perfusion imaging and SPECT target 
molecule imaging, mathematical models are used to in¬ 
terpret the results. These models account for the intrinsic 
properties of the tracer, such as the rate at which the tracer 
reaches equilibrium in the brain and nonspecific binding 
of the tracer. 
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Brain SPECT imaging is often combined with com¬ 
puted ► Tomography (CT) to provide a detailed structur¬ 
al brain image for overlaying SPECT data. 

Resolution 

The resolution of SPECT imaging is determined largely by 
the design of the hardware and software for the gamma 
camera system. Modern SPECT scanners in general clini¬ 
cal use have resolutions of around 1 cm but special small- 
animal research SPECT scans, using modified hardware 
and software for image construction, can achieve resolu¬ 
tions of less than 1 mm (Masdeau and Arbizu 2008; 
Spanoudaki and Ziegler 2008). 

Time Course and Availability 

SPECT radionuclides have relatively long ► half-lives, for 
example the half-life for two widely used radionuclides is 
about 13 h for 123 I compounds and about 6 h for " m Tc 
compounds. Because of this stability, SPECT ligands can 
be injected up to several hours before the actual scanning 
procedure. Some commonly used SPECT radiopharma¬ 
ceuticals and their indications are shown in Table 1. It is 
important to note that the availability of these ligands for 
human research or clinical applications is determined by 


the rules of each country, so that not all ligands are avail¬ 
able in all regions. 

Uses 

SPECT therefore has broad applicability in basic research 
and clinical research, diagnosis, and treatment. Based on 
the principle that increased regional cerebral neuronal ac¬ 
tivity is associated with increased blood flow, SPECT per¬ 
fusion studies can provide indirect information related to 
local neuronal activity and metabolism. SPECT perfusion 
studies are used to measure baseline blood flow, blood flow 
changes associated with task-related activity, or blood 
flow changes associated with drug effects (Malizia 2006). 

SPECT imaging with target molecule-binding radio- 
pharmaceuticals can be used to measure the baseline levels 
of target molecules and can measure the influence of 
experimental manipulations, genetics, and disease states 
on target molecules. Two useful examples of SPECT meth¬ 
ods as applied to human clinical and research conditions 
include the study of Parkinsons disease and substance 
abuse disorders. 

In ► Parkinsons disease, a neurodegenerative illness 
characterized by loss of brainstem dopaminergic innerva¬ 
tion of the striatum, SPECT imaging has been used to 


SPECT Imaging. Table 1. Sample brain SPECT compounds and applications used in psychopharmacology. 


Radionuclide 

Half-life 

Compound 

Acronym 

Measurement 

133 Xe 

5.24 days 

133 Xenon 

133 Xe 

rCBF 

" m Tc 

6.02 h 

" m Tc-hexamethylpropyleneamineoxime 

" m Tc-HMPAO 

rCBF 

" m Tc 

6.02 h 

" m Tc-diethylenetriarninepentaacetic acid 

" m Tc-DTPA 

CSF, brain death 

67 Ga 

78.3 h 

67 Ga-ethylenediaminetetraacetic acid 

67 Ga-EDTA 

Blood-brain barrier 
permeability 

123 l 

13.2 h 

123 lomazenil 

123 i-imz 

Central type benzodiazepine- 
receptor binding 

123 l 

13.2 h 

123 l-2-((2-((dimethylamino)methyl)phenyl) 

thio)-5-iodophenylamine 

123 i-adam 

Serotonin transporter imaging 

123 , 

13.2 h 

123 l-p-carbomethoxy-3-p-(4-iodophenyl)- 

tropane 

,23 I-CIT 

Dopamine and serotonin 
transporters 

123 | 

13.2 h 

123 l-iodobenzamide 

123 i-ibzm 

Dopamine D 2 receptor ligand 

" m Tc 

6.02 h 

" m Tc-TRODAT 

" m Tc-TRODAT 

Dopamine transporter sites 

in ln 

2.83 days 

['"in-DOTA^D-Phe'.Tyr 3 ] octreotide 

"'in-DOTA-TOC 

Somatostatin receptor 
imaging 

i23 i 

13.2 h 

[ 123 l]5-iodo-3-[2(S)-2-azetidinylmethoxy] 

pyridine 

123 I-5IA 

Nicotinic acetylcholine 
receptors 

,23 i 

13.2 h 

6-iodo-2-(4'-dimethylamino-) 
phenylimidazo[1,2-a]pyridine 

,23 i-impy 

P-amyloid plaque imaging 


rCBF relative cerebral blood flow; CSF cerebrospinal fluid. Modified and adapted from Accorsi 2008. Used with permission 
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demonstrate reductions in the levels of the presynaptic 
► dopamine transporter (DAT) and increased levels of 
postsynaptic dopamine receptors (D2 subtype). SPECT 
may also have utility in monitoring Parkinsons disease 
progression and assessing the success of treatment inter¬ 
ventions. In clinical conditions suggestive of early Parkin¬ 
son’s disease, SPECT assays of dopamine status may aid in 
diagnosis by determining whether early alterations in the 
DAT or D2 receptors are consistent with this illness (Booij 
and Knol 2007). Figure 3 illustrates the difference between 
a healthy control subject and patient’s with Parkinson’s 
disease at different levels of severity. As disease severity 
worsens, there is near complete absence of detectable DAT 
binding as measured using the DAT ligand [ 99m Tc] TRO- 
DAT-1 (Huang et al. 2004). 

As reviewed by Volkow and others (Volkow et al. 2003; 
Felicio et al. 2009), SPECT (and PET) methods are used 
widely to study the effects of substance abuse and depen¬ 
dence and have contributed greatly to our understanding 
of drug effects in humans. For example, SPECT has been 


used to detect drug-induced changes in the ► serotonin 
transporter, serotonin receptors, and cerebral blood flow 
following recreational exposure to 3,4-methylenedioxy- 
methamphetamine (►MDMA; Ecstasy). For multiple 
drugs of abuse, SPECT imaging has been successful in 
documenting the effects of drug exposure on receptor 
and transporter systems (for multiple neurotransmitters, 
but especially the dopamine system) and on cerebral blood 
flow. SPECT imaging has also proven critical in document¬ 
ing the time course of neurotransmitter and blood flow 
changes associated with acute and chronic drug exposure 
and following drug withdrawal. 

Strengths and Limitations 

Strengths of SPECT are considerable. Some SPECT radio¬ 
pharmaceuticals are less costly, more easily synthesized, 
and provide a lower radiation dosage than some PET 
tracers. This enhances the ease of use and acceptability 
of SPECT for human psychopharmacological research. 
Limitations of SPECT include the relatively small number 



SPECT Imaging. Fig. 3. SPECT imaging in Parkinson's disease. These images show the utility of SPECT, using [ 99m Tc]TRODAT-1 
to measure dopamine transporter (DAT) loss in Parkinson's Disease. The highest signal intensities are shown in red, 
corresponding to high levels of the DAT. (a) Healthy control subject. The bilaterally symmetric bright red regions are the 
striatum, (b-f) Represent increasingly severe stages of Parkinson's disease, with progressive loss of striatal DAT binding (From 
Huang et al. 2004. Used with kind permission of Springer Science + Business Media). 
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of available radiopharmaceuticals and the resolution 
of this technique as commonly available for basic and 
clinical research. Unlike PET, where 18-fluorine-flouro- 
deoxy-glucose [18FDG] is commonly used to examine ce¬ 
rebral glucose metabolism, there is no comparable SPECT 
tracer for measuring cerebral glucose metabolism. 

Emerging Technology 

Emerging technologies include the use of modified gamma 
camera systems to provide very high spatial resolutions (in 
the submillimeter range) in animal nuclear imaging re¬ 
search studies. Dual tracer or multi-isotope imaging, in 
which different tracers are used to image two components 
simultaneously (e.g., perfusion and receptor binding) hold 
promise (Accorsi 2008). 

Future Directions 

With the development of high-resolution gamma cameras 
and additional radiopharmaceuticals, SPECT imaging 
can be expected to play an increasingly significant role 
in psychopharmacological research. In addition to the 
potential for high resolution pharmacological mapping 
of neurotransmitter systems in animal models, human 
applications may increasingly expand to include clinical 
diagnostic applications such as those detecting early types 
of degenerative illnesses (such as Alzheimer’s Disease or 
Parkinsons Disease) or neurodevelopmental illnesses 
(such as ► Autism or ► Schizophrenia). 

Cross-References 

► Functional Magnetic Resonance Imaging 

► Positron Emission Tomography (PET) Imaging 
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Spectrograms 

Synonyms 

Deconvolution; Fourier spectrum; Frequency spectrum; 
Power spectrum 

Definition 

Representation of an EEG trace signal by a “virtual” 
decomposition (by a mathematical operation called 

► Fast Fourier Transformation or FFT) of all possible 
contributing quasi-sinusoidal waves of different carrier 
frequencies. The result is a descriptor in the frequency 
domain and allows the distinction, for example, of low, 
middle fast or high frequencies; these are easily expressed 
in a magnitude (equal to square root of power) that is a 
convenient metric of EEG for research purposes. 

Cross-References 

► Digital EEG Nomenclature 

► Electroencephalography 


Spectrographic 

Definition 

A spectrogram is an image that depicts the spectral densi¬ 
ty of a sound varying with time. Spectrograms are used 
to analyze spectographically the vocalizations of animals 
yielding quantitative statistics for comparison between a 
variety of experimental and natural conditions. 


SPET 

► SPECT Imaging 


Spin-Echo EPI 

► Echo-Planar Imaging 
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Spinal Cord Primary Sensory Neurons 

Definition 

These are neurons with cell bodies located in sensory 
ganglia with processes terminating in the periphery 
(skin, viscera, other) and in the spinal cord in the CNS. 
They convey the first (primary) sensory information to 
the spinal cord. They vary in cell body size, axon diameter, 
conduction velocity, and their content of neurotransmit¬ 
ters and neuroactive peptides. These differences and the 
distribution of central and peripheral ends account for 
sensory modality content. Small-diameter primary senso¬ 
ry neurons might, in addition, liberate neuropeptides 
antidromically with pro-inflammatory consequences. 


SRI-Resistance 

Definition 

It has been suggested that failure to improve Y-BOCS scores 
by 25% from baseline after treatment with at least two SRIs 
given at maximally tolerated SPC doses for at least 12 weeks 
constitutes clinically meaningful SRI-resistance. 

Cross-References 

► Obsessive-Compulsive Disorder 


SROMs 


► Slow-Release Morphines 

' Spindles 

► Function of Slow and Fast Alpha Waves 

1 SSRIs 


Splice Variant 

Definition 

Different forms of an expressed protein derived from 
splicing of different regions of its primary RNA transcript. 

Cross-References 

► ISOFORM 


Spontaneous Activity 

► Motor Activity and Stereotypy 


► Selective Serotonin Reuptake Inhibitors 


SSRIs and Related Compounds 

Sidney H. Kennedy 1 , Sakina J. Rizvi 2 

department of Psychiatry, University Health Network, 

University of Toronto, Toronto, ON, Canada 

department of Psychiatry, University Health Network, 

Departments of Pharmaceutical Sciences and 

Neuroscience, University of Toronto, Toronto, ON, 

Canada 


s 


SR141716 

► Rimonabant 


SRIF 

► Somatostatin 


Synonyms 

Serotonin antidepressants 

Definition 

Selective serotonin reuptake inhibitors (SSRIs) are a class 
of drugs primarily developed for the treatment of major 
depressive disorder (MDD), although most agents now 
have additional indications, particularly for the treatment 
of various anxiety disorders. These drugs share a common 
mechanism of action in that they inhibit the ► serotonin 
transporter in its reuptake of synaptic serotonin. 
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Pharmacological Properties 

History 

First generation ►tricyclic antidepressants (►TCAs), 
particularly ► clomipramine, are potent inhibitors of the 
serotonin transporter, but these agents have a wide range 
of effects on various neurotransmitter receptors, resulting 
in a substantial side effect burden. Although zimelidine 
was the first SSRI to receive approval as an antidepressant 
in Europe, plans to launch it in the United States were 
abandoned when several cases of Guillain-Barre syndrome 
were reported. ► Fluoxetine became the first SSRI to be 
licensed in the United States in 1987, and paved the 
way for an attack on stigma and under-detection of 

► depression, with an expectation that greater safety and 
tolerability would be associated with superior treatment 
outcomes (Kramer 1999). Although this proved not to be 
the case, it heralded the beginning of a new era in drug 
development for the treatment of MDD. Over the next 
decade a whole class of SSRI antidepressants emerged as 
first line agents for the treatment of MDD, accounting for 
60% of prescribed antidepressants in the U.S. Medicaid 
program (Chen et al. 2008; Healy 1999). 

Mechanism of Action 

As their name implies, the SSRIs selectively block ► sero¬ 
tonin (5F1T) reuptake. This occurs through inhibitory 
actions on the Na + /K + adenosine triphosphatase- 
dependent carrier on presynaptic neurons. Among the 
six available SSRIs, ► citalopram, ► escitalopram and 

► paroxetine are the most potent blockers of 5HT reup¬ 
take. Some SSRIs have additional ► antagonist effects on 
neurotransmitter receptors (Table 1). For example, par¬ 
oxetine and citalopram have moderate anticholinergic 
effects and sertraline blocks presynaptic dopamine recep¬ 
tors. Escitalopram is a stereoisomer of citalopram and has 
been shown to exert actions at both the primary binding 
sites for the serotonin transporter, and also on secondary 

► allosteric binding sites, a property not shared by other 
SSRIs (Sanchez 2006). 

There is also evidence from position emission tomog¬ 
raphy (► PET) using a ligand for the serotonin transport¬ 
er, that 80% or greater occupancy of the transporter 
occurs with citalopram, paroxetine, and sertraline at stan¬ 
dard doses, and no additional binding occurs at higher 
doses (Meyer 2007). These findings are based on only a 
small sample of depressed patients, and the SSRIs were 
not examined across a wide range of doses. 

The SSRIs, like their predecessors the TCAs, inhibit 
neurotransmitter reuptake almost immediately, but often 
take 2-3 weeks to exert clinically meaningful benefit. 


SSRIs and Related Compounds. Table 1 . Mechanism of 
action and indications for six available SSRIs. 


Drug 

Mechanism of 

action 

Indications 

Citalopram 

5HT blockade; mild 
NE blockade; Post 
receptor blockade: 
ACH; HI, DA and 
alpha-1 (weak 
blockade) 

MDD; panic disorder 

Escitalopram 

5HT blockade; mild 
NE blockade 

MDD; GAD; panic 
disorder 

Fluoxetine 

5HT blockade; mild 
NE blockade; mild 
post DA receptor 
blockade 

MDD; OCD; bulimia 
nervosa; panic 
disorder 

Fluvoxamine 

5HT blockade; mild 
NE blockade 

MDD; OCD 

Paroxetine 

5HT blockade; 

postsynaptic 
receptor blockade: 
ACH 

MDD; panic disorder; 
SAD; GAD; OCD; 

PTSD; premenstrual 
dysphoric disorder 

Sertraline 

5HT blockade; mild 
NE blockade; Post 
receptor blockade: 
alpha-1; presynaptic 
receptor 
blockade: DA 

MDD; OCD; panic 
disorder; PTSD; SAD; 
premenstrual 
dysphoric disorder 


NE = norepinephrine; ACH = acetylcholine; HI = histamine 1; DA = 
dopamine; MDD = major depressive disorder; GAD = generalized 
anxiety disorder, OCD = obsessive compulsive disorder; PTSD = post- 
traumatic stress disorder; SAD = social anxiety disorder 

This has been linked to down regulation of the 5HT 1A 
terminal autoreceptors. In addition, SSRIs, like other 
antidepressants, stimulate ► neurogenesis, particularly 
in the CA 3 layer of the ► hippocampus after 2-3 weeks 
of exposure. Animal models of depression using stress 
paradigms show suppression of neurogenesis which is 
reversed by antidepressants (Schmidt and Duman 2007). 

► Pharmacokinetics 

The SSRIs are generally well absorbed and not affected by 
food administration, with the exception of sertraline, 
where food can increase levels of the drug in plasma. 
They are metabolized by hepatic microsomal enzymes 
that are part of the ► cytochrome P 450 system, particular¬ 
ly the CYP 2 d 6 isoenzyme, although the 2C 9 , 2C 19 and 3A 4 
isoenzymes are also substrates for several SSRIs (Table 2) 
(Kennedy et al. 2007). 
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SSRIs and Related Compounds. Table 2. Pharmacokinetic profile of SSRIs. 


Drug 

% Bioavailability 

Metabolism 

Active metabolites 

Half life (hours) 

Citalopram 

80 

CYP3A4 

CYP219 

CYP2D6 

Weakly inhibits: CYP2D6 

Demethylcitalopram 

Didmethylcitalopram 

35 

Escitalopram 

80 

CYP3A4 

CYP219 

CYP2D6 

Weakly inhibits: CYP2D6 

Demethylescitalopram 

27-32 

Fluoxetine 

72 

CYP2D6 

CYP2C19 

Inhibits: CYP2D6, 2C9, 2C19 

Norfluoxetine 

24-72 

Fluvoxamine 

53 

CYP2D6 

CYP2C9 

Inhibits: CYP2C19, 2D6, 1A2, 3A4 

None 

15.6 

Paroxetine 

50 

CYP2D6 

Inhibits: CYP2D6 

None 

21-24 

Sertraline 

44 

CYP3A4 

Weakly inhibits: CYP2D6,2C9 

Norsertraline 

26 


It is important to note that certain SSRIs inhibit their 
own clearance through the inhibition of their metabo¬ 
lizing enzyme, resulting in elevated plasma levels and 
increased side effects. Both fluoxetine and paroxetine are 
strong inhibitors of the CYP 2 d 6 enzyme, and fluvoxamine 
is a potent inhibitor of CYP 1A2 , CYP 3A4 , and CYP 2G19 . 
Therefore, caution should be exercised when combining 
these drugs with other medications that are metabolized 
through any of these enzymes, as in the following two 
examples. ► Codeine requires CYP 2D6 for its conversion 
to ► morphine and analgesic effects, and inhibiting this 
pathway prevents the analgesic effects. In the case of desip- 
ramine, a secondary tricyclic antidepressant, combining it 
with fluoxetine will result in increased plasma levels due to 
the inhibition of CYP 2D6 . This can cause cardiotoxicity 
and, in rare instances, death. 

The ► half-life of SSRIs ranges from about 15 h 
(►fluvoxamine) to over 60 h (fluoxetine), with other 
agents in the 30 d= 6 h range. This means that in all 
cases, SSRIs can be prescribed at least once daily and in 
the case of fluoxetine, the drug remains capable of causing 
drug-drug interactions 2-3 weeks after the last dose. 

Genetic Polymorphisms 

There is emerging evidence to support a relationship 
between ► genetic polymorphisms of the serotonin trans¬ 
porter (5HTT) and response to SSRIs. The 5HTT gene- 
linked polymorphic region (5HTT-LPR) significantly 


influences transcription of 5HTT, resulting in differential 
expression of the serotonin transporter. To date, several 
reports have linked the 5HTT-LPR “1” allele to superior or 
faster response to SSRI therapy and the 5HTTLPR “s” 
allele to greater SSRI-related side effects. However, these 
findings were not substantiated in a report from the 
“Sequenced Treatment Alternatives to Relieve Depres¬ 
sion” (STARED) study, where a search for genetic pre¬ 
dictors of treatment outcome with citalopram yielded an 
association between treatment outcome and a gene that 
encodes the 5HT 2A receptor (McMahon et al. 2006). 

Efficacy and Effectiveness 

The SSRIs have primarily been used to treat patients 
with MDD, but in nearly all cases, there are additional 
indications for the treatment of anxiety disorders (Table 1) 
(Kennedy et al. 2007). While it was initially believed that 
SSRIs manifested little, if any, variation in ► efficacy for 
MDD across the class of agents, subsequent meta-analyses 
have suggested that they do not perform equally. Since 
most trials were designed with sufficient sample sizes 
(power) only to detect differences between the novel 
agent and ► placebo, the inclusion of an active compara¬ 
tor agent to ensure assay sensitivity did not provide suffi¬ 
cient power to compare efficacy between the two active 
drugs. However, when similar trial design and outcome 
measures are applied across a series of trials, it is justifi¬ 
able to pool the data from all subjects and conduct 
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a ► meta-analysis. This methodology provides a large 
enough sample to detect differences between active 
agents. 

Escitalopram has demonstrated modest but consistent 
advantages over other SSRIs, but these differences were 
most significant in the comparisons with citalopram. 
Using a “multiple-treatments meta-analysis” method, 
which includes both direct and indirect comparisons of 
drugs, the efficacy and acceptability of 12 new-generation 
antidepressants (including the 6 SSRIs) were compared 
across 117 randomized control trials (Cipriani et al. 2009). 
Two SSRIs, escitalopram and sertraline, were among the 
four drugs with significant advantages over the other anti¬ 
depressants in terms of efficacy. These two agents also had 
the best tolerability profiles, making them the most favor¬ 
ably ranked overall. 

Tolerability 

Even though the tolerability and safety profile of SSRIs 
is superior to the previous generation of TCAs, lack 
of compliance due to treatment-emergent side-effects 
remains a significant issue. There are both early transient 
adverse effects and persistent effects, which frequently 
result in drug discontinuation. Acute effects most often 
involve the central nervous system (CNS) and the gastro¬ 
intestinal (GI) system, while later sustained effects are 
more likely to influence metabolism and sexual dysfunc¬ 
tion (Table 3) (Kennedy et al. 2007). 

Central Nervous System 

Headache, sleep disturbance, sedation, and paraesethesia 
are commonly reported in the acute phase of treatment 
with any SSRI. Although some aspects of sleep are im¬ 
proved with SSRIs, there are reports that SSRIs disrupt sleep 
continuity and may exacerbate ► bruxism and restless leg 
syndrome. Additionally, while SSRIs generally improve 
cognitive dysfunction associated with depression, there 
is evidence, specifically with paroxetine, of drug-related 
cognitive side effects, likely due to its additional anticho¬ 
linergic effects. 

Gastrointestinal and Metabolic Effects 

Nausea is a common gastrointestinal side-effect during 
the first 2 weeks of treatment with an SSRI, and is most 
pronounced for fluvoxamine and sertraline. This is gener¬ 
ally a transient effect. 

Weight gain is a factor that can severely decrease drug 
compliance. Although initial treatment with SSRIs can 
result in weight loss, mainly due to nausea and an en¬ 
hanced feeling of early ► satiety, long-term use of SSRIs 


SSRIs and Related Compounds. Table 3. Common side 
effect profile of SSRIs across average dose range. 


Drug 

Averagedose 

range 

10-30%' 

30%' 

Citalopram 

20-60mg 

CNS over 

arousal 

Nausea 

Escitalopram 

10-20mg 

Headaches 

and nausea 

None 

Fluoxetine 

20-60mg 

CNS over 

arousal 

Nausea and 

headaches 

Fluvoxamine 

100-300mg 

CNS over 
arousal, 
dizziness and 
constipation 

Drowsiness, 

headaches, 

nausea, 

nervousness 

Paroxetine 

20-60mg 

CNS over 
arousal, 
constipation 
and dizziness 

Drowsiness, 

nausea, 

sexual 

dysfunction 

Sertraline 

50-200mg 

CNS over 

arousal, 

dizziness, 

sexual 

dysfunction 

Headaches 

and nausea 


^rug-placebo differences modified from product monographs 
CNS = central nervous system 


has been associated with weight gain, particularly with 
paroxetine (Fava et al. 2000; Kennedy et al. 2007). 

Recent studies have suggested that SSRIs may result 
in the loss of bone mineral density during long-term use. 
This appears to reflect inhibitory actions of serotonin 
on osteogenesis. Whether this might contribute to the 
development of clinical osteopenia or osteoporosis is 
still unclear. 

Sexual Dysfunction 

The consensus from a series of well designed comparative 
studies is that up to 60% of patients receiving SSRIs report 
some form of treatment emergent sexual dysfunction, 
with paroxetine and sertraline exerting the greatest bur¬ 
den of sexual side effects (Kennedy and Rizvi 2009). All 
of the SSRIs have been associated with delayed or absent 
orgasm/ejaculation and, in some instances, a reduction in 
libido and arousal. These effects appear to be related to 
the stimulation of serotonin, particularly its ► agonist 
effects on 5HT 2 receptors. However, other mechanisms 
that block cholinergic receptors and inhibit nitric oxide 
synthase are also likely to be involved as well. This may 
explain why patients receiving paroxetine compared with 
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other SSRIs had a significantly greater incidence of erectile 
dysfunction or reduced vaginal lubrication. 

Safety 

Suicidality 

Depressed patients are at greatest risk for ► suicide 
attempts during the month before and the first month 
after starting medication, and the risk progressively 
declines with treatment. Although most population stud¬ 
ies have shown a reduction in rates of completed suicide 
associated with increased use of modern antidepressants, 
the issue of suicidality with SSRIs has attracted consider¬ 
able media attention and appears to be most pronounced 
in adolescents. The “► black-box” warning for SSRIs in 
the U.S., Canada and elsewhere, due to findings of 
increased suicidal ideation, has likely contributed to a 
decrease in antidepressant prescriptions for children and 
adolescents. Since the 2003-2004 warning, studies indi¬ 
cate that U.S. and Canadian rates of completed suicide 
hasve increased for the first time in a decade for adoles¬ 
cents. In adults, meta-analyses of ► randomized con¬ 
trolled trials (RCTs), or analyses of research databases, 
have found no support for increased suicides with antide¬ 
pressant use (Moller 2006). 

Serotonin syndrome 

Excessive serotonin release may result in a clinically sig¬ 
nificant “► serotonin syndrome”, characterized by diar¬ 
rhea, delirium, tremor, muscle rigidity and hypothermia. 
This may occur when patients are taking two SSRIs or 
taking an SSRI with another serotonin-enhancing agent. 
Therefore, caution must be applied when combining 
treatments and during dose increases. 

Conclusions 

Since the launch of fluoxetine, SSRI use has increased to 
the extent that this is now the most widely prescribed 
antidepressant class, reflecting a favorable balance be¬ 
tween efficacy and tolerability. The ► pharmacokinetic 
profile of SSRIs allows for easy dosing and long-term 
use. Future research should be directed to increasing the 
specificity of agents at the serotonin receptor and trans¬ 
porter sites. 
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► Antidepressants 

► Depression: Animal Models 

► Depressive Disorders in Children 
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Synonyms 

Startle response 

Definition 

The startle response refers to a group of reflexive motor and 
physiological responses elicited by an intense and sudden 
stimulus, usually in the auditory or tactile modalities. 
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State Dependence of Memory 

Francis C. Colpaert 
SCEA-CBC, Puylaurens, France 

Synonyms 

Dissociated learning; State-dependent learning 

Definition 

Traditionally, state dependence is said to occur when an 
organism remembers better when it is in a state similar to 
the one in which it learned what is to be remembered than 
when it is in a different state. While this observation 
remains essential, progress indicates that the phenomenon 
of state dependence is not necessarily related or limited to 
the ability to learn per se in a particular state. Dependence 
on state occurs with memory processes other than learning 
as the latter is conventionally understood and may deter¬ 
mine what is remembered and when; beyond conscious 
cognition, it also concerns such functions as emotion, 
mood, and motor behavior. Thus, the term “state depen¬ 
dence of memory,” refers to an attribute of the ability to 
remember and act upon past experience, which is broader 
than that implied by “state-dependent learning.” 

Impact of Psychoactive Drugs 

A Word of History 

Awareness of state dependence arose in seventeenth cen¬ 
tury popular and medical culture and concerned states 
of the internal, physiological, and mental milieu (Siegel 
1985). Both that century’s most acknowledged accounts 
and the first experimental investigation of state depen¬ 
dence (Girden and Culler 1937) involved states induced by 
drugs. Influentially capturing the perception of state de¬ 
pendence at that time, (Overton 1983) attributed state 
dependence to high, “toxic” doses of drugs; considered 
state dependence to be genuine only if bidirectional (i.e., if 
occurring upon both drug-to-placebo and placebo-to-drug 
changes of state); struggled with the issue as to whether state 
dependence requires that drug-to-placebo and placebo-to- 
drug state changes should produce symmetrical failures to 
remember; and argued on theoretical grounds that state 
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dependence and ► drug discrimination are fundamentally 
similar. As will be apparent in the following lines, the state 
dependence concept has much evolved; how and when 
state dependence occurs has since been studied extensive¬ 
ly in humans and animals in well-controlled experimental 
investigations in laboratory settings. 

A Case of State Dependence 

Studies of state dependence involve ► learning. The 
learning assays used may include single trials or multiple- 
trial learning opportunities, single or multiple-session clas¬ 
sical conditioning, or acquisition of an appetitively or 
aversively motivated instrumental response. As in many 
► memory researches, the key dependent variables assess 
the ability to remember, and recall is often measured oper¬ 
ationally by the latency with which a remembered response 
occurs. The special issue of interest here about the func¬ 
tioning of memory is how memory may vary depending on 
the similarity or dissimilarity between the state that pre¬ 
vailed at the time of learning and the state that prevails at 
the time of recall. States thus constitute the independent 
variable. Failures of “transfer” of the ► engram, or memo¬ 
ry trace, are said to occur when recall is hampered by a 
change of state. 

Figure 1 offers an example of state dependence; here, 
rats are trained in 15 min sessions everyday to press a lever 


for food reward; every tenth lever press yields access 
to food (►fixed-ratio: 10, or FRIO schedule). The rat 
reaches the acquisition criterion when, on a given training 
session, it completes 10 lever presses within 120 s after the 
session begins. Two days later, in a test session, recall is 
measured by determining whether the animal again com¬ 
pletes the first FRIO schedule within 120 s. Different 
groups of rats are trained with (i.e., before the training 
sessions receive an injection and thus are “under the 
influence of”) either saline or one of different “training” 
doses of the benzodiazepine, ► chlordiazepoxide (CDP). 
Later, the rats are tested with (i.e., “under the influence 
of”) either saline or one of different CDP “test” doses. 

As shown in the left panel of Fig. 1, recall was perfect 
by rats that were both trained and tested with saline 
(points at “0”) and by rats that acquired the response 
while treated with one CDP dose (0.16-40 mg/kg for 
different rats) and then tested with the same dose. How¬ 
ever, as shown in the middle panel, rats trained with 0.lb- 
40 mg/kg doses of CDP and then tested with saline failed 
to recall in a manner that depended on the training dose, 
complete failure occurring with 40 mg/kg. Conversely 
(right panel), rats trained with saline and then tested 
with 0.16-160 mg/kg doses also failed to recall, now in a 
manner that varied with the CDP test dose. Thus, state 
dependence can occur with both drug-to-saline and 
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State Dependence of Memory. Fig. 1. Results of transfer tests in groups of rats that acquired an operant response in one 
pharmacological condition (i.e., saline or one of several doses of chlordiazepoxide(CDP) and were tested in either the same or 
another condition. Upper and lower abscissa: CDP dose at which the animals were trained and tested, respectively; 0 refers to 
saline. Ordinate: percentage of rats (n = 7/group) that in test sessions completed the first FRIO schedule within 120 s. (Redrawn 
from Colpaert 1990.) 
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saline-to-drug changes of state, albeit not necessarily at 
the same dose; here, drug-to-saline transfer failure oc¬ 
curred at doses that were about three-fold lower than 
those at which saline-to-drug state changes caused trans¬ 
fer to fail (► ED 50 : 9.8 and 29 mg/kg, respectively). 

State changes can produce powerful memory failure; 
under the conditions described above, extreme food dep¬ 
rivation to the point of starvation fails to overcome the 
inability to remember. Remarkably, studies involving 
agents such as ► benzodiazepines and ► opiates, to 
which ► tolerance is considered to readily develop, have 
so far failed to reveal any evidence that tolerance develops 
to those agents’ ability to induce state dependence; train¬ 
ing with drug followed by numerous further drug 
(“over-”) training sessions does not prevent failures of 
recall when the subjects are later tested with saline. 

The state-dependent memory failure is, however, sur¬ 
mountable. Rats trained with saline or CDP 40 mg/kg fail to 
remember when tested for the first time with CDP 40 mg/kg 
or saline, respectively; but if later provided the opportunity 
to learn the same response in the alternative state (i.e., after 
administration of saline or CDP 40 mg/kg, respectively) rats 
will eventually learn to recall the response in either state. It is 
uncertain, though, whether such recall in either state imple¬ 
ments only one as opposed to one of two separate 
► engrams (Colpaert 1990). 

State Specificity 

When a response is acquired with saline or with any given 
agent, the extent to which transfer occurs to other agents 
may vary widely but it can also be the case that transfer is 
confined to a narrow class of pharmacologically similar 
agents. For example, rats trained with ► morphine dem¬ 
onstrate transfer when tested with another p-opiate re¬ 
ceptor agonist, but not with lower-efficacy opiates or any 
other drug. Recall may be further limited to a particular 
dose; rats trained with 5 mg/kg morphine remember well 
when tested with 5 mg/kg, but not with lower or higher 
doses of morphine (Fig. 2). Thus, ► retrieval can be 
confined to an exquisitely exclusive, molecularly defined 
magnitude of activation of a single, particular neurotrans¬ 
mitter receptor (sub)type; these findings highlight mem¬ 
ory’s state specificity in addition to its state dependence 
(Bruins Slot and Colpaert 1999). 

Specificity can also extend to conditions other than the 
drug state. For example, a given agent may render state 
dependent a response that is acquired in a particular set of 
conditions of arousal and drive for instance, but not the 
same response in another set of conditions. Equally, with a 
given agent, a normal-to-drug change of state may impair 
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State Dependence of Memory. Fig. 2. Results of transfer 
tests in groups of rats (/i = 7/group) that acquired an operant 
response after 5 mg/kg morphine injections and were tested 
for retrieval with either the same or a lower or higher 
morphine dose. Retrieval here is measured by the (log- 
transformed) ratio of the response latency in the last training 
session to that in the test session (ordinate); data are mean + 
SEM. (Redrawn from Bruins Slot and Colpaert 1999.) 

the retrieval of some but not all items of memory that were 
acquired in one or another normal set of conditions. 

Both these two instances of specificity underlie the 
ability of states to operate in an often incisive, discrete 
manner. Partly because of this, state dependence is in many 
instances overlooked in accounts of CNS function and of 
CNS drug actions. 

State Change: A Mechanism 

States and state changes regulate, shape, and direct memory 
throughout ontogeny; they govern mnemonic normalcy as 
well as psychiatric and neurological pathogenesis and may 
constitute the essential neurobiological, or “system,” mech¬ 
anism of different CNS agents. 

State Changes in Cognition 

Compounds such as ► ketamine and - most prominently 
- the muscarinic acetylcholine receptor antagonist, ► sco¬ 
polamine offer drug models of memory disorders, mim¬ 
icking in unaffected humans the deficiencies that are 
found in ► Alzheimer’s disease. Surprisingly, scopolamine 
actually may allow fully adequate learning, retrieval 
► encoding, ► re-encoding, and ► retention of complex 
tasks provided that all these memory processes take place 
in the scopolamine state. However, each of these processes 
is profoundly impaired when subjects switch from the 
normal to the drug state (or from the drug to the normal 
state) as they move from one to the other process. As a 
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result, the state change that acute scopolamine administra¬ 
tion produces in subjects having learned the task in the 
normal state simulates the regressive, temporally graded 
retrograde amnesia that is characteristic of Alzheimer’s dis¬ 
ease. That is, as a function of the scopolamine dose, what 
can be remembered is limited to what was learned at an 
increasingly remote point of time in the past while what was 
learned more recently has become inaccessible (Figs. 3 and 
4). Importantly, the state dependence analysis emphasizes 
the role of state instability, in addition to but more so than 
that of putative cholinergic hypo-function, in the 
pathophysiology of such disorders (Colpaert et al. 2001). 

Some drug states that are induced after learning or 
retrieval that occurred in the normal state (i.e., at the time 
of encoding or re-encoding, respectively) impair subsequent 
retrieval in the normal state. Drugs may thus pre-empt or 
erase the normal-state memory of traumatic, pathogenic 
life events. 

State Changes in Anxiety 

► Anxiety has long been considered as an acquired drive; 
i.e., a motivation that is learned in the course of ontogeny. 
Benzodiazepines exert anxiolytic effects only in as much 
as they also impair the retrieval of, for example, a food- 
reinforced ► operant response. In each situation, the 
benzodiazepines institute a state of memory in which 
material previously acquired in the normal state cannot 
be retrieved. Thus, it has been proposed that benzodiaze¬ 
pines impair the retrieval of what in a normal state has 
previously been acquired what is referred to as anxiety, 
rather than selectively reducing, or “lysing,” anxiety 
(Colpaert 1990). 

State Changes in Pain and Opiate Actions 

Pain can be of either physiological (e.g., nociceptive) or 
pathological (e.g., neuropathic) origin and relates to both 
its somatosensory and affective/motivational dimensions; 
the affective/motivational dimension of pathological pain 
is particularly susceptible to state dependence. 

Mammalian newborns learn to synchronize their 
breathing, which at the prenatal stage is erratic, chaotic, 
and utterly ineffectual, with the acidity (pH) of arterial 
blood. This synchrony governs mature breathing, and it has 
been suggested that rather than merely depress respiration, 
opiates induce a state in which this learned synchronization 
cannot be retrieved (Bruins Slot and Colpaert 1999). 

State Changes in Affective Disorders 

Mood states fluctuate and the memory that prevails at 
any time is governed by mood congruency, or sameness of 
mood state. Depressed subjects better memorize new 


negative-affect than new positive-affect items and remem¬ 
ber negative-affect items more effectively in a subsequent 
depressed episode than in a more elated mood (Blaney 
1986; Bower 1981; Colpaert et al. 2000; Eich 2007). While 
allowing for possible predisposing biological variables, the 
state dependence of memory uncovers a remarkable patho¬ 
physiological mechanism of mood disorders as well as an 
equally remarkable neurobiological mechanism of antide¬ 
pressant drug action both of which emphasize the ability to 
acquire and remember, and disremember, mood. 

State Changes in Neurological Disorders 

Importantly, states and state changes not only govern 
cognition, but also pervade and affect motor behavior 
while spanning large swaths of ontogeny. The peculiar 
features of horizontal locomotion in Parkinsons disease 
(difficulty with both initiating and arresting locomotion, 
continuous postural disequilibrium during movement) 
closely resemble those of 10-month old infants who 
learn to walk. Under 1-DOPA treatment and fluctuating 
between ON and OFF states, the parkinsonian patient 
when in an ON state may walk adequately while not 
remembering what precisely the difficulty it is that he or 
she has in the OFF state; when in OFF, the patient fails to 
remember just how he or she succeeds to walk when in 
ON. Gilles de la Tourette patients similarly alternate epi¬ 
sodes of “remembering” with those of “forgetting” their 
condition, making no distinction between the memory, 
the knowledge, the impulse, and the act. The patient may 
or may not be aware of his current state, but any aware¬ 
ness fails to affect the state’s implications. 

Dependence 

Whether occurring in a normal or pathogenic manner in 
the course of ontogeny, or drug-induced, states create a 
dependence: one of memory and of the capabilities that it 
enables to the very point of survival. As such, state depen¬ 
dence is akin to drug dependence in as much the state is 
required to maintain the homeostasis of memory. When 
induced by a drug, state dependence constitutes an in¬ 
stance and learned form of drug dependence. 

State-dependent memory may or may not encom¬ 
pass the subject’s seeking to modify that state; such 
action appears to depend on the state’s perceived affec¬ 
tive valence and on the opportunities that are available 
to acquire behaviors that are instrumental in overcoming 
or modifying those consequences. Alzheimer patients 
may be little able to gauge their cognitive deficit and, 
available treatments being only marginally effective, to 
learn how to instrumentally overcome the deficit. But, 
state dependent, compulsive seeking to restore the 
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original state does appear to underlie opiate addiction, 
in effect constituting its very “system” mechanism. This 
implies that the signal transductions that are involved in 
pain processing and opiate actions thereon are currently 
thought to proceed in a bidirectional manner; any input 


Past time (days) 



State Dependence of Memory. Fig. 4. Regressive, 
temporally graded retrograde amnesia induced by a normal- 
to-scopolamine state changes. Rats were in the normal state 
trained in a complex task in which learning was assessed from 
five parameters that characterize the newly acquired behavior 
(Fig. 3). The acute injection of different doses (ordinate) of 
scopolamine caused the parameters to assume values that 
resembled those observed at one or another point in the 
course of training. The abscissa indicates the remoteness in 
time (relative to day 0, the last day of training) of such 
corresponding points (mean±SEM of the five parameters; 
day - 165 corresponds to the beginning of training). 
Increasing doses resulted in a behavior similar to that 
observed at increasingly remote stages of the acquisition that 
preceded the drug test. (Redrawn from Colpaert et al. 2001.) 


to such systems induces not a single but two dual effects 
that are opposite in sign. Thus, morphine causes not only 
analgesia as a “first-order” effect, but also a “second-order” 
hyperalgesia or frank pain that outlasts the analgesia for 
some time. With chronic opiate exposure, the second- 
order pain grows and masks the first-order analgesia, 
resulting in analgesic tolerance. In a parallel manner, opi¬ 
ates also induce two distinct memory states that coincide 
temporally with their first and second-order effects on pain 
processing. The first-order opiate memory state is one in 
which analgesia is encoded, but the second-order state 
is one in which the individual experiences a possibly ex¬ 
cruciating, opiate-induced pain and is enabled to learn and 
remember that the next opiate administration powerfully 
relieves that pain, however temporarily. Thus emerges the 
view that opiate addiction represents the self-medication 
of compelling opiate pain, with both that pain and the 
pain-relieving instrumental behavior being encoded in 
the second-order (withdrawal) state of memory (Colpaert 
et al. 2006). 

States 

Clearly, an organism’s memory can operate in any one of 
a decidedly large number of different states in which 
engrams can be specifically stored. Such state dependence 
of memory challenges the common view that an individ¬ 
ual possesses a single, unified memory that integrates all 
past experience and can be acted upon at any time. Rather, 
at any point of time, memory appears to be locked into, 
limited to, but also enabled with the unique capabilities 
of one particular state. As time moves from one to anoth¬ 
er point, so memory comprises another, equally unique 
set of retrievable capabilities based on current state. 

The state dependence of memory invites the question 
as to whether ► forgetting occurs at all; it is unclear 


State Dependence of Memory. Fig. 3. Studies examining the effects of saline-to-scopolamine changes of mnemonic state on 
the recall of five aspects of learned behavior, (a) Rats were trained for in all 165 days in a complex task in which the different 
independent measures (e.g., total responding) reflect different aspects (e.g., performance) of what was learned, (b) The 
acquisition data in panel A are here plotted as the % of animals satisfying the learning criterion that was applied to each of the 
five measures. These % data were fit by best-fitting functions to generate the five learning curves shown in panel B. (c) Over the 
8-month period that followed training, rats were tested for retrieval after injection of different doses of scopolamine; data from 
these tests are shown here and expressed as in panel A. (d) The scopolamine test data in panel C are here plotted as the % of 
animals satisfying the criteria used to generate panel B and expressed as in the same manner. These % data were fit with the 
dose-response functions shown. At 0.01 mg/kg scopolamine, the outcome for each of the parameters was similar (i.e., about 
100%) to that at the end of acquisition. Higher doses decreased each parameter value, such that the outcomes resembled those 
observed earlier in training. Projections are plotted (dashed lines) to identify the point in time-since-the-end-of-acquisition ("past 
time") with which the test data corresponded. These retrograde projections yielded outcomes that differed among the five 
parameters, the mean (M along past time) being - 136 days for the 0.16 mg/kg dose. In this manner, the mean was found for all 
doses, generating the function relating scopolamine dose to past time shown in Fig. 4. (Redrawn from Colpaert et al. 2001.) 
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State Dependence of Memory. Fig. 5. The shaping of mood states in ontogenesis. Though multiple states can exist, it is 
sufficient to assume here that memory operates in one of just two cyclically recurrent states (A or B) that are induced by some 
biological rhythm and are mutually exclusive. Throughout ontogeny (horizontal dotted line), the individual experiences and 
memorizes life events that have an affective valence that is positive (+) or negative (—). There is no a priori relationship between 
a state on the one hand and the (valence of) the events that are encountered in a state on the other. In this manner is most likely 
established in both states A and B, a cumulative memory that retains both positive and negative items (panel I); the overall 
affective valence of memory is rather neutral in either state and does not greatly differ, or swing, between A and B. This outcome 
being most probable, panel I represents what because of this greatest likelihood is perceived as a normal individual. However, 
chance may have it that the events experienced in A or B happen to predominantly be negative or positive (panels II and III, 
respectively); thus is established in one state a memory that retains items of polarized valence and that differs from the 
alternative, normal-affect state. These outcomes are less likely and result in recurring episodes of monopolar, depressed or 
manic, mood. An even smaller chance may result in large-amplitude bipolar mood swings (panel IV) (Colpaert et al. 2000). 


whether such failure to remember results from a time- 
dependent dissipation of the engram or from the non¬ 
restoration of the state that prevailed in ontogeny at the 
time that the memory was established. State dependence 
definitely does not require forgetting to account for pro¬ 
found retrieval deficits, and state changes constitute a mech¬ 
anism whereby an engram can be erased; when in an initial 
state the subject has learned and remembers and when then 
an alternative state is instituted shortly after retrieval (i.e., at 
the time of re-encoding), it may be the case that the engram 
in question is no longer available in the initial state. Further, 
such a state change may establish, in the alternative state, a 
memory that is then false (► false memory). 

A weakness of state-dependence research resides with 
a certain vagueness as to what defines a state. Awareness of 
state dependence historically arose from observations of 
humans who were “under the influence” of exogenous 
agents, and the use of drugs in studying state depen¬ 
dence has allowed that in this case states can at least 


operationally be defined in a highly precise, accurate, 
and reproducible manner. However, states also arise en¬ 
dogenously and current neurobiology and medicine in¬ 
voke the existence of a varied array of states that operate at 
levels of integration ranging from the whole organism to 
cell assemblies, single cells, or molecular signal transduc¬ 
tion (Lydic and Baghdoyan 1999). Fascinating examples 
include hormone-controlled phases, pacemaker assemblies 
and circadian and seasonal rhythms, as well as the rise 
and fall of entire neurotransmitter and other signaling 
systems in the course of ontogeny. Such states are usually 
investigated with regard to the particular stimulus-re¬ 
sponse relationships that they demonstrate, but a wide 
realm of knowledge remains to be gained in terms of 
whether and how those states regulate memory. 

Learning and memory are also investigated from such 
perspectives as context-dependence and coincidence de¬ 
tection; how these perspectives shed light on and interlock 
with state dependence remains to be explored. 
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State-Dependent Learning 

► State Dependence of Memory 


Cross-References 

► Addictive Disorder: Animal Models 

► Analgesics 

► Animal Models of Psychiatric States 

► Antidepressants 

► Behavioral Tolerance 

► Benzodiazepine Agonists 

► Benzodiazepines 

► Bipolar Disorder 

► Declarative and Non-Declarative Memory 

► Dementias and Other Amnestic Disorders 

► Dissociative Anesthetics 

► Drug Discrimination 

► Dysthymic Mood Disorder 

► Emotion and Mood 

► Generalized Anxiety Disorder 

► Inhibition of Memory 

► Mood Stabilizers 

► Opioids 

► Opioid Dependence and Its Treatment 

► Reference Memory and Consolidation 


State-Dependent Retrieval 

Definition 

The notion that information studied in one state is better 
remembered when retrieved in the same rather than a 
different state. 


Stationary Phase 

Definition 

The packing material in a column. In RP-HPLC, the most 
common stationary phases comprise beads of silica (glass¬ 
like material), covered by a layer of organic molecules 
(the bonded phase), comprising alkyl chains, chemically 
bonded to the silica. These are normally of eight (C8: 
octylsilane) or eighteen (Cl8: octadecylsilane: ODS) car¬ 
bon molecules, tightly packed into the pores in the silica 
bead. The silica beads are normally 5 or 3 pm diameter. 
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Cross-References 

► High Pressure Liquid Chromatography 


Stavzor 

► Valproic Acid 
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Stereoisomers 

Synonyms 

Enantiomers; Enantiomorphs; Optical isomers 

Definition 

These usually refer to pairs of drugs, which have identical 
physiochemical properties but rotate polarized light in 
different directions (left or right, designated as levo or 
dextro, “1-” or “d-” and ” or “+,” respectively). They 
are important as they often have different biological 
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activities. Thus, an atom found on the drug molecule has 
bonds that do not permit the attached functional groups 
to assume different positions relative to one another. For 
example, ► morphine derived from opium has one im¬ 
portant carbon atom with functional groups in positions 
that rotate polarized light to the left (termed levorotato- 
ry). The configuration of this carbon atom also allows the 
morphine molecule to fit precisely into the pockets and 
contours of the opioid receptor and to activate it. In other 
words, the receptor has a structure that matches the 
levorotatory form. One can also construct morphine syn¬ 
thetically with the functional groups on the same carbon 
atom in different relative positions. The arrangement of 
the bonds is such that they precisely mirror those in the 
levorotatory form and the molecules of this morphine 
rotate polarized light to the right (show dextrorotatory 
activity). This synthesized substance is also morphine in a 
chemical sense, because it has all of the physicochemical 
properties of morphine made from opium. However, the 
dextrorotatory form of morphine evokes only the effects 
of normal morphine that have low chemical structure 
requirements (e.g., membrane stabilization, convulsions, 
taste aversion produced by systemic application of opi¬ 
oid); it does not activate the typical pharmacological 
effects attributed to activity on the opioid receptor. The 
use of opioid stereoisomers has been recommended in 
order to exclude so-called “nonspecific” pharmacological 
effects that are not due to interaction with the opioid 
receptor. 

Cross-References 

► Conditioned Taste Aversions 

► Receptor: Ligand-Binding Assays and Their 

Interpretation 


Stereotypical and Repetitive Behavior 

Definition 

Stereotypical and repetitive behavior is commonly seen 
in individuals with autism spectrum disorders (ASDs) 
and mental retardation (MR). In lower functioning 
individuals with ASDs or MR, this usually consists of 
self-stimulatory, nonfunctional, motor behaviors. How¬ 
ever, in mild MR or higher functioning individuals 
with ASDs, this can consist of verbal and motor rituals, 
obsessive questioning, rigidly held routines, preoc¬ 
cupation with details, and desire for sameness and 
completeness. 


Cross-References 

► Antidepressants 

► Antipsychotic Drugs 

► Autism Spectrum Disorders and Mental Retardation 

► Psychostimulants 


Stereotypy 

► Motor Activity and Stereotypy 

► Stereotypical and Repetitive Behavior 


Stimulants 

► Psychostimulants 


Stimulation 

► Stimulation Paradigm 


Stimulation Paradigm 

Synonyms 

Stimulation 

Definition 

In fMRI experiments, stimulation paradigms are applied 
to evoke brain activity and accordingly, increased or de¬ 
creased cerebral perfusion. The variety of stimulation para¬ 
digms ranges from no stimulation (resting-state fMRI) 
over sensory (thermal, visual, or auditory), motor, lan¬ 
guage, or memory task to pharmacological stimuli. Aside 
from resting-state fMRI performed while no stimulation is 
applied, fMRI images are recorded during two states, a 
resting state (no stimulation) and the activated state during 
which the specific stimulation is applied. The applied stim¬ 
ulation paradigm is often incorporated as prior knowledge 
in the subsequent MR image analysis. 

Cross-References 

► Cerebral Perfusion 

► Functional Magnetic Resonance Imaging 

► MR Image Analysis 

► Pharmacological fMRI 
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Stimulation Strength 


Stimulus Trafficking 


Definition ► Functional Selectivity 

The objective variables that determine the intensity of 
Brain Stimulation Reward. These include the current, 

pulse duration, pulse frequency, and train duration. |- 

Stop-Signal Task 


Stimulus Control 


Synonyms 

Response inhibition task; SSRT 


Definition 

A behavioural process wherein different behavior occurs 
in the presence of different stimuli. It is usually established 
by arranging different contingencies of reinforcement in 
the presence of different stimuli. 


Stimulus Enrichment 

► Environmental Enrichment and Drug Action 


Stimulus Generalization 

Synonyms 

Cue (in psychology); Discriminative cue 

Definition 

Stimulus generalization occurs when a behavioral response 
conditioned to one stimulus is elicited by other novel 
stimuli that were not used during conditioning. For exam¬ 
ple, animals are conditioned to use a particular stimulus as 
a discriminative cue and are then tested with a novel 
stimulus that may resemble the training stimulus in one 
or more respects. If the animal responds to a test stimulus 
to the same extent that it does to the training stimulus, 
then stimulus generalization is said to have occurred. Gen¬ 
eralization may be either complete or partial and can reflect 
both qualitative and quantitative differences between sti¬ 
muli (e.g., color and brightness of visual stimuli). 

Cross-References 

► Drug Discrimination 


Stimulus Pre-Exposure Effect 

► Latent Inhibition 


Definition 

A neurocognitive task designed to provide a sensitive 
measure of the time taken by the brain to inhibit or 
suppress inappropriate motor responses. The stop-signal 
paradigm was originally developed by Gordon Logan in 
the 1980s, based on a cognitive task first used by Lappin 
and Erikson in 1966. Versions of the task have been devel¬ 
oped both for humans and rats. The stop-signal reaction 
time (SSRT) task not only provides measures of reaction 
times and accuracy, but importantly also the latency to 
inhibit a prepotent response (SSRT). The stopping process 
is not directly observable and has to be estimated from a 
stochastic model, the so-called “race model.” The model 
derives the SSRT from the distribution of “go” reaction 
times and the observed probability of responding on “stop” 
trials for a given stop-signal delay. The estimated SSRT 
gives a measure of the duration of the inhibitory process, 
which starts from the presentation of stop signal. In the 
version of the task for humans, participants are instructed 
to respond as fast as possible to a simple stimulus on a 
computer screen. On some trials, a stop signal is presented 
after the stimulus but before the response, and participants 
are instructed to try and stop or inhibit their response. 
Using this task, impairments in response inhibition have 
consistently been observed in neuropsychiatric disorders 
such as attention deficit hyperactivity disorder. In the ver¬ 
sion of the task for animals, differential presentations of 
reinforcers are used to train appropriate responding to “go” 
and “stop” signals. A network in the brain mediating the 
suppression of a motor response has been detected, involv¬ 
ing numerous cortical and subcortical areas including the 
► prefrontal cortex and subthalamic nucleus. 


s 


Cross-References 

► Attention Deficit Hyperactivity Disorders: Animal 
Models 

► Impulse Control Disorders 

► Impulsivity 

► Rodent Models of Cognition 

► Translational Research 
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Strattera™ 


Strattera™ 

► Atomoxetine 


Stress 

Definition 

Stress is a complex psychological construct, which despite 
many years of research, has yet to be defined operationally 
in a satisfactory way. In the context of animal models of 
psychiatric disorders, stress can be defined broadly as 
forced exposure to events or conditions that are normally 
avoided. In humans, the definition is extended to incor¬ 
porate cognitive and emotional responses - for example, 
“stress is a condition in which the environmental demands 
exceed the coping abilities of the individual.” In labora¬ 
tory animals, the precipitating events or conditions can 
be divided into two categories. The first category includes 
environmental events such as restraint, footshock, tail 
pinch, and defeat, as well as pharmacological events such 
as administration of a normally avoided drug (e.g., ►yo¬ 
himbine). The second category includes food deprivation, 
social isolation, and ► maternal deprivation; each of these 
entails the removal of an environmental condition that is 
important for maintaining the animal’s normal physio¬ 
logical and psychological steady-state conditions, a state 
that the subject will attempt to ameliorate by seeking 
food, conspecific partners, or the dam. 

Cross-References 

► Social Stress 


Stress-Induced Antinociception 

Definition 

Decreased pain transmission in response to stressful sti¬ 
muli. Stress-induced antinociception results in attenuated 
perception of pain. Both opioid and non-opioid endoge¬ 
nous mechanisms have been implicated in stress-induced 
antinociception. 

Cross-References 

► Antinociception Test Methods 

► Opioids 
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Synonyms 

Stressful stimuli; Stressors 

Definition 

In humans, stress often refers to a condition in which 
environmental demands exceed an individual’s coping 
abilities. In animal models of psychiatric disorders, stress 
can be defined broadly as a forced exposure to aversive 
events or conditions that are normally avoided. The term 
stress includes three related elements: stressors, stress 
responses, and genetic and environmental factors that 
modulate the effect of stressors on the organism. Stressors 
are events, physical or psychological, that profoundly 
interfere with the organism’s normal steady state. These 
disruptions generate a stress response manifested at the 
physiological (e.g., activation of the sympathetic nervous 
system), psychological (e.g., ► anxiety, ► depression), 
and behavioral (e.g., performance deficits) levels. Factors 
that modulate the stress response include, among others, 
genetic predisposition to stress reactivity, and predictabil¬ 
ity and controllability of the stressors. These factors 
influence the relationship between the stressors and the 
stress response, leading to large individual differences in 
response to a given stressor. 

Current Concepts and State of Knowledge 

Background 

Anecdotal reports that drug use is more likely to occur in 
individuals exposed to environmental stressors are sup¬ 
ported by results from epidemiological studies indicating 
a high rate of ► comorbidity between stress-related psy¬ 
chiatric disorders such as ► post-traumatic stress disorder 
(PTSD), anxiety, and depression, and drug addiction. 
There is also evidence from laboratory studies in humans 
that exposure to stressors increases cigarette smoking 
and subjective measures of cocaine, opiate, and alcohol 
► craving. The influence of stress on abused drugs 
appears to occur through all phases of the addiction 
process: stress facilitates the initiation of illicit drug use, 
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increases the frequency and amount of ongoing drug use, 
and precipitates relapse to drug use during periods of 
abstinence. Stress can also emerge as a consequence of 
drug addiction, because illicit drug use is associated with 
problems with the law, the workplace, and the family. The 
stress caused by the lifestyle of illicit drug users in turn 
promotes more severe forms of drug addiction. Finally, 
chronic use of addictive drugs can sensitize physiological 
and psychological responses to stress. 

However, methodological and ethical considerations 
limit the scope of research that can be conducted in 
humans addicted to ► drugs of abuse. Consequently, it 
has been difficult to demonstrate a cause-effect relation¬ 
ship between stress and drug addiction in humans. 
Cause-effect relationships between stress and drug-taking 
behavior can be established in laboratory models of drug 
addiction. These models can be used to identify behavior¬ 
al and neuronal mechanisms that mediate the effect of 
stress on drug-taking behavior. Below, we summarize 
results obtained from preclinical studies in laboratory 
rats on the mechanisms underlying the effect of environ¬ 
mental stressors on drug-taking behavior, as assessed 
using the intravenous ► drug self-administration proce¬ 
dure and the ► reinstatement procedure. The drug self¬ 
administration procedure is the gold-standard animal 
model used to assess the rewarding effects of drugs and 
their abuse liability. The reinstatement procedure is a 
widely used animal model of relapse to drug-taking be¬ 
havior during periods of abstinence. 

Before reviewing the empirical data on biological 
mechanisms of the effects of stress on drug-taking behav¬ 
ior, we would like to point out that we will not cover in 
this short chapter several research topics that are relevant 
to the relationship between stress and drug addiction. 
These include (1) the extant and conflicting literature 
on the effects of stress on oral opiate and ► alcohol 
self-administration; (2) the conflicting literature on the 
effects of adverse early life experience (maternal depriva¬ 
tion, social isolation) on drug self-administration in 
adulthood; (3) the literature on the role of stress systems 
in the mediation of physiological and psychological with¬ 
drawal symptoms of abused drugs; and (4) the literature 
on the role of the stress hormone corticosterone in 
the mediation of psychostimulant self-administration in 
the absence of stress. 

Mechanisms of Stress Effects on Drug 
Self-administration 

Investigators have used the drug self-administration pro¬ 
cedure to assess the effects of stressors on the acquisition 


and maintenance of intravenous drug self-administration. 
When evaluating the findings on the effects of stressors on 
drug self-administration, it is important to remember 
that these effects are highly dependent on several vari¬ 
ables, including stressor controllability, duration of stress 
exposure, the time interval between stress exposure and 
drug availability, the reinforcement schedule, and the dose 
of the self-administered drug. Additionally, there are large 
individual variations in the effects of stressors on drug 
self-administration. In studies on the mechanisms of 
stressor-induced increases in drug self-administration in 
rats, investigators have used several stressors including 
intermittent unpredictable footshock, food deprivation, 
and ► social defeat. 

The stress hormone corticosterone (or cortisol in 
humans) is released from the adrenals when stressors 
activate the ► hypothalamic-pituitary-adrenal (HPA) 
axis. There is evidence that stressor-induced corticoste¬ 
rone secretion is required for the ability of intermittent 
footshock and food deprivation stressors to facilitate the 
initiation of ► cocaine self-administration. Additionally, 
corticosterone may contribute to footshock stress-induced 
escalation of cocaine self-administration once the self¬ 
administration behavior has been established. The mechan¬ 
isms through which corticosterone promotes the self¬ 
administration of ► psychostimulant drugs may involve 
modulation of dopaminergic neurotransmission in both 
the ► ventral tegmental area (VTA), the cell body region 
of the ► mesolimbic dopamine system, and one of its 
projection areas, the ► nucleus accumbens. The mesolim¬ 
bic dopamine system is known to mediate the rewarding 
effects of psychostimulant drugs. 

In most previous studies on the effects of stress 
on intravenous self-administration of psychostimulant 
drugs, investigators limited access to the drugs for a few 
hours per day; under these conditions, rats typically 
maintain stable drug intake over time. Human addicts, 
however, self-administer psychostimulant drugs such as 
cocaine in a binge-like pattern that is characterized by 
extended periods of intense and escalated drug intake over 
many hours and even days. This binge-like pattern of drug 
self-administration is also observed in rats that are given 
unlimited access to cocaine. Thus, after about 20-24 h of 
continuous cocaine self-administration, rats shift from 
regulated drug intake, characterized by stable inter¬ 
infusion intervals, to dysregulated “out-of-control” drug 
intake, characterized by unstable inter-infusion intervals 
and higher hourly drug intake. The emergence of this 
binge-like pattern of cocaine intake is facilitated by prior 
exposure to social defeat stress. There is evidence that this 
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effect of social defeat stress on binge-like cocaine self¬ 
administration is due to sensitization of dopamine neu¬ 
rons in the VTA. This sensitization is likely mediated by 
stressor-induced activation of glutamatergic projections 
to the VTA. As the neuronal and hormonal responses to 
stressors are typically stressor-specific, a question for fu¬ 
ture research is whether the neurobiological mechanism 
identified for the effect of social defeat stress on binge-like 
cocaine self-administration generalizes to other stressors. 

Stress and Reinstatement of Drug Seeking 

The phenomenon of stress-induced ► reinstatement of 
drug seeking has been demonstrated using several stres¬ 
sors, including intermittent footshock and acute food 
deprivation. Stress-induced reinstatement is critically 
dependent on the stress neuropeptide corticotrophin- 
releasing factor (CRF). This neuropeptide acts in the 
paraventricular nucleus of the ► hypothalamus to activate 
the HPA-endocrine stress axis. Additionally, many physi¬ 
ological and behavioral responses to stress are mediated 
by CRF’s effects on extrahypothalamic sites within the 
central nervous system (CNS). 

CRF receptor antagonists decrease both footshock- 
and food-deprivation-induced reinstatement of drug 
seeking, while ventricular injections of CRF reinstate 
drug seeking. Results from studies using pharmacological 
and endocrine methods indicate that the reinstating 
effects of stressors are independent of their ability to 
activate the HPA axis. The critical extrahypothalamic 
brain sites and projections for CRF’s role in footshock- 
induced reinstatement include the bed nucleus of the stria 
terminalis (BNST), VTA, and a projection from the cen¬ 
tral amygdala to the BNST. Within the VTA, footshock 
causes local CRF release, which leads to increased ► glu¬ 
tamate transmission. This enhanced glutamatergic neuro- 
transmission is critical for stressor-induced reinstatement, 
presumably due to activation of the mesocorticolimbic 
dopamine system. This possibility is supported by the 
findings that injections of D1-family dopamine receptor 
antagonists into the dorsal, medial ► prefrontal cortex 
(mPFC) or the orbitofrontal cortex, or of a preferential 
D3 dopamine receptor antagonist into the nucleus accum- 
bens, decrease stressor-induced reinstatement. 

Footshock stress-induced reinstatement is also depen¬ 
dent on noradrenaline transmission: systemic injections 
of alpha-2 adrenoceptor agonists (which decrease central 
noradrenaline release) decrease footshock-induced rein¬ 
statement, while systemic injections of the alpha-2 adre¬ 
noceptor antagonist ► yohimbine (which increases 
central ► noradrenaline release) cause reinstatement of 
drug seeking. The critical brain sites and projections for 


noradrenaline’s role in footshock-induced reinstatement 
include the central amygdala and BNST, and the norad¬ 
renergic projection from the lateral tegmental nuclei to 
these brain sites. 

Results from studies in which discrete brain areas 
were reversibly inactivated confirm the previous findings 
discussed above on the role of the dorsal mPFC, BNST, 
central amygdala, accumbens, and VTA in stress-induced 
reinstatement, and further suggest that the ventral 
pallidum plays a role in this reinstatement. Results 
from these studies also indicate that the glutamatergic 
projection from the mPFC to the accumbens plays an 
important role in stress-induced reinstatement. This 
glutamatergic projection is also involved in reinstatement 
of drug seeking induced by acute reexposure to the self- 
administered drug. 

Recent evidence suggests that the magnitude of foot¬ 
shock- and CRF-induced reinstatement of cocaine seeking 
depends on the history of prior drug exposure: these 
effects were significantly stronger in rats that were previ¬ 
ously given extended access to cocaine for 6 h/day during 
training than in rats given drug access for 2 h/day. These 
and related findings indicate that prior exposure to high 
doses of cocaine over many days sensitizes brain CRF 
stress systems, leading to increased vulnerability to 
stress-induced reinstatement of cocaine seeking. These 
findings parallel results from human studies demon¬ 
strating more pronounced stress-induced craving, anxi¬ 
ety, and physiological responses in abstinent, previously 
high-frequency drug users than in individuals with a 
history of less frequent drug use. 

Finally, there is evidence from studies in which 
pharmacological agents were used for a role for several 
other neurotransmitter systems in stress-induced rein¬ 
statement. These include the neurotransmitter ► seroto¬ 
nin, and the neuropeptides ► dynorphin, ► hypocretin 
(orexin), and nociceptin/orphanin FQ. 

Implications for Treatment 

The recognition that stress is a key contributor to drug¬ 
taking behavior highlights the need for the development 
and implementation of therapeutic strategies aimed at 
minimizing the contribution of stress to drug addiction. 
This is especially important in subpopulations of addicts 
whose drug use is stress-driven. Identifying which addicts 
will benefit most from such approaches poses a challenge 
to drug-addiction treatment providers and will likely re¬ 
quire the establishment of new assessment tools for iden¬ 
tifying the role of stress in an individual’s drug use. The 
development and approval of new drugs that block CRF 
receptors and other receptors implicated in stress-induced 
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drug seeking will hopefully provide important tools for 
the management of drug addiction. 
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Stress-Response 

Definition 

The spectrum of physiological and behavioral adaptations 
coordinated by stress system mediators that defend 
homeostasis and/or promote allostasis. 


Cross-References 

► Conditioned Place Preference 

► Drug Discrimination 

► Extinction 

► Reinstatement of Drug Self-Administration 

► Self-Administration 

► Stress 
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Stress-Related Mood Disorders 

► Adjustment Disorders 


Stressful Stimuli 

► Stress: Influence on Drug Action 


Stressors 

Definition 

Any perceived threat to the individuals’ integrity. 

Cross-References 

► Stress: Influence on Drug Action 


Stretched-Attend Posture 

► Risk Assessment 


Striatum 

Synonyms 

Neostriatum 

Definition 

The striatum is a subcortical brain structure. The corpus 
striatum , which includes the putamen rostrally and the 
caudate nucleus caudally, is a component of the ventral 
cerebral hemisphere, receiving strong projections from 
the cerebral cortex and projecting back to it via the thala¬ 
mus. In addition, the striatum receives a robust dopami¬ 
nergic innervation from the substantia nigra and the 
ventral tegmental area. It is fundamental for the selection 
of motor programs in response to external signals, which 
is triggered by dopaminergic signaling. Its ventral compo¬ 
nent, the ventral striatum or nucleus accumbens, is a key 
element in the response to salient stimuli predicting re¬ 
ward, hence inducing intensely motivated states. 

Cross-References 

► Psychomotor Stimulants 
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Stroke 


Stroke 

Synonyms 

Cerebrovascular accident 

Definition 

Stroke results from the occlusion or bursting of a cerebral 
blood vessel so that the cerebral tissue is starved of both 
oxygen and nutrients and this tissue then dies. The large 
majority of strokes (around 85%) are caused by an occlu¬ 
sion of a major cerebral artery either by a thrombus or 
embolism. The other strokes are the result of a hemor¬ 
rhage where a blood vessel bursts in the brain or on the 
surface of the brain. Stroke is the third major cause of 
death in major industrialized countries and its incidence 
is predicted to increase over the next decade. 


Subjective Value 

Synonyms 

Reinforcer efficacy 

Definition 

Worth of a commodity for an individual. Subjective value 
is a weighted function of the benefits associated with the 
commodity (magnitude, quality, ability to fulfill indivi¬ 
dual’s needs) and the costs of obtaining the commodity 
(price). 

Cross-References 

► Behavioral Economics 


Substance Abuse 

Definition 

Substance abuse describes when any substance is misused, 
that is, taken in a way that is actually or potentially 
harmful to the person concerned. This covers illicit and 
prescribed drugs, alcohol, tobacco, and inhalants such as 
cleaning fluid or glue. 

Cross-References 

► Agoraphobia 


Substance Dependence 

Definition 

An unhealthy or addictive pattern of repeated substance 
use most typically indicated by tolerance to the effects of 
the substance and symptoms of withdrawal when the 
substance is terminated for a period of time. 


Substance K 

► Neurokinin A 

► Tachykinins 


Substance P 

Synonyms 

Neurokinin 1; SP 

Definition 

Substance P (SP) is an 11 amino acids neuropeptide, the 
first to be discovered from the tachykinin family. 

It is generated by alternative splicing of the preprota¬ 
chykinin gene RNA and mostly expressed in smooth 
muscles and the central nervous system. SP has been 
mainly associated in the regulation of pain, emotional 
processes, and emesis by activation of NK1 receptors. 


Substitutes 

Synonyms 

Surrogate 

Definition 

Substitutes have an inverse relationship between the sub¬ 
stitute and the alternative - as the price of the alternative 
increases the demand for the substitute increases. 

Cross-References 

► Behavioral Economics 


Substance Abuse Disorder Substitution 

► Cross-Dependence 


► Opioid Dependence and Its Treatment 
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Subthreshold Diagnoses 

► Adjustment Disorders 


Subtraction Method 

► Cognitive Subtraction 


Subtype 

Definition 

The term subtype, when discussing CRF receptors, refers 
to the separate genes that give rise to the two CRF recep¬ 
tors, CRF X and CRF 2 . 

Cross-References 

► Gene Expression and Transcription 


Suicide 

Gustavo Turecki 

McGill Group for Suicide Studies, McGill University, 
Montreal, QC, Canada 

Synonyms 

Self-destructive behavior; Self-immolation; Suicide 
completion 

Definition 

Suicide is an act of taking ones own life voluntarily, usually 
intentionally. Suicidal behavior is a general term used to 
refer to suicide and suicide attempts. Under the latter, we 
refer to the actions taken to end one’s life, irrespective of the 
degree of intentionality, which does not result in death. 
While suicidal ideation is not a behavior, it is often consid¬ 
ered under the category of suicidal behaviors. It refers to the 
wish to die, including thoughts of actively ending one’s life. 

Current Concepts and State of Knowledge 

Suicide is one of the leading causes of death worldwide, 
among the top ten causes of death in most of the world 
and one of the three leading causes of death for people 
between the ages of 15-34 (WHO 2000). As such, it has 


been referred to as the ‘leading cause of unnecessary and 
premature death.’ Over the last 45 years, suicide rates have 
been increasing dramatically, by as much as 60% in some 
countries. In the USA, this rate is approximately 11 per 
100,000, while much of Asia sees a rate exceeding 13 per 
100,000. With the notable exception of rural China, sui¬ 
cide is significantly more common among males than 
females. Western countries, and particularly those from 
Northern Europe and the ex-Soviet Union, present larger 
gender effects on suicide rates, while Asian countries tend 
to have sex ratios closer to one. Age is another important 
demographic factor that seems to have a large impact on 
suicide risk. Accordingly, the distribution of suicide risk 
through the lifespan displays marked age effects, with 
peaks among youth and elderly age groups. 

Suicide methods vary considerably among different 
countries and world regions and relate to the availability 
of means to suicide, as well as popular concepts and imag¬ 
ery associated with suicide. As such, in North America, 
suicide by firearms and hanging are the most common 
methods, whereas in Asia, suicide by pesticides is the 
most prevalent. Suicidal behavior has been classified as 
violent and nonviolent, depending exclusively on the meth¬ 
od used. In general, the term nonviolent refers to suicidal 
behavior by substance intoxication (typically medication 
overdose) or superficial cuts, which are generally associated 
with low suicide intent and are frequently of low lethality. 
All other methods are considered violent. 

Suicide is strongly associated with psychopathology 
(Arsenault-Lapierre et al. 2004). While there is significant 
regional variability in the percentages found, all studies 
have consistently shown that most individuals who have 
died by suicide were affected by mental disorders in the 
last months of their life. Meta-analyses of studies inves¬ 
tigating rates of mental disorders among individuals 
who died by suicide suggest that up to 90% of suicides 
had a history of mental illness. Table 1 lists the most 
common mental disorders found among suicide comple¬ 
ters, according to different world regions. Mood disor¬ 
ders, and ► major depressive disorder, in particular, are 
the most common diagnoses among individuals who died 
by suicide. 

Predictors of Suicide 

Suicide is a complex behavior, likely the result of several 
interacting factors. Figure 1 conceptualizes the relation¬ 
ships among key factors believed to play an important 
role in suicide. While, as mentioned earlier, psychopathol¬ 
ogy is strongly associated with suicide risk, it is neither 
sufficient nor specific, as only a fraction of people affected 
by mental illness will die by suicide. 
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Suicide. Table 1. Distribution (%) of major diagnostic categories found among suicide completers by psychological autopsy 
studies according to regions of the world (Adapted from Arsenault-Lapierre et al. 2004). 



European 

North American 

Australian 

Asian 

Mood disorders 

48.5% 

33.6% 

32.7% 

51.3% 

Substance-related disorders 

18.6% 

40.1% 

24.1% 

26.7% 

Schizophrenia and other psychotic disorders 

7.5% 

4.2% 

24.3% 

8.4% 

Personality disorders 

16.8% 

13.4% 

17.7% 

17.7% 



A positive history of suicide attempts, a history of 
childhood adversity, certain demographic variables, and 
issues related to social and medical support have been 
found to be stronger predictors of suicidal behaviors 
among psychiatric patients. The risk of suicide comple¬ 
tion among clinical populations varies as a function of 
diagnosis and clinical features. For instance, among 
patients with major depressive disorder, the risk is condi¬ 
tional on the population of depressed patients, i.e., suicide 
risk is higher among depressed inpatients, lower among 
depressed patients from the general population and 


somewhere in between for depressed outpatients. For the 
latter group, the percentage of individuals who die by 
suicide is estimated to be between 2% and 5%. Clinical 
predictors of suicide among patients with major depression 
include symptom severity (as measured by a requirement 
of hospitalization), comorbidity with substance-related 
disorders, high levels of hopelessness, and a history of a 
past suicide attempt. 

Over the last decades, it has become increasingly 
clear that individuals who die by suicide also have 
constitutional risk factors. However, the relationship 
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between these predisposing factors, which to a certain 
extent are conferred by the individual’s biological make¬ 
up, and suicide is not direct, but seems to be mediated 
and moderated by a number of different factors. Among 
these factors are clinical and demographic risk factors, 
such as those listed earlier, history of early life sexual 
and physical abuse, personality variants such as behavior¬ 
al traits, and triggering factors such as recent life events 
and interpersonal stressors. 

Epidemiological and clinical studies have consistently 
suggested that a positive family history of suicide acts as an 
important risk factor for suicide. As psychopathology also 
runs in families, a major question has been to what extent 
suicide aggregates in families independently of psychopa¬ 
thology. Studies have suggested that first-degree relatives of 
suicide probands have a 4-10 times higher risk of suicidal 
behavior than relatives of psychiatrically normal controls, 
and this is once other risk factors and psychopathology are 
accounted for. Genetic-epidemiological studies suggest that 
at least part of this familial aggregation is attributable to 
genetic effects (Turecki 2001). 

Several lines of evidence point to the fact that familial 
transmission of suicidal behavior may be mediated through 
the transmission of personality traits such as impulsive- 
aggressive behaviors. Personality traits represent emotional, 
behavioral, motivational, interpersonal, experiential, and 
cognitive styles that help us relate to and cope with the 
world. Clinical and community research suggest links be¬ 
tween suicidality and extreme personality profiles. For in¬ 
stance, children who score high on a measure of disruptive 
behavior, a composite of aggressive, impulsive, and hyper¬ 
active behaviors, were found to be more likely to attempt 
suicide as young adults (Brezo et al. 2008). In general, most 
clinical and psychological autopsy studies (which use 
proxy-based interviews to investigate individuals who died 
by suicide) report elevated measures of ► impulsivity and 
► aggressive behaviors among suicide attempters and 
completers as compared to controls, particularly among 
younger individuals. There is also direct and indirect 
evidence suggesting that relatives of suicide completers 
and suicide attempters have higher scores on these per¬ 
sonality traits than controls. 

Impulsivity may be conceptualized as the inability to 
resist impulses, which, from the strict phenomenological 
point of view, refer to explosive and instantaneous, auto¬ 
matic or semiautomatic psychomotor actions that are 
characterized by their sudden and incoercible nature. A 
more behavioral definition considers impulsivity as a 
drive, stimulus, or behavior that occurs without reflec¬ 
tion or consideration for the consequences of such behav¬ 
ior. However, studies suggest that it is not the exclusive 


presence of impulsivity that appears to account for its 
observed association with suicide. Rather, impulsivity is 
frequently comorbid with other personality traits, partic¬ 
ularly aggressive behaviors. As such, suicides tend to have 
high levels of aggressive-destructive impulsive traits, gen¬ 
erally referred to as impulsive-aggressive behaviors. These 
have been operationally defined in suicide studies as a 
tendency to react with animosity or overt hostility, with¬ 
out consideration of possible consequences, when piqued 
or under stress. 

Neurobiology of Suicide 

The last decades have seen a growing interest in the under¬ 
standing of the biological processes underlying suicide. 
Suicidal behavior has been associated with several neurobi- 
ological alterations, particularly in neurotransmission. For 
close to four decades, molecular studies have considered 

► monoamines as prime suspects in suicidal behavior. 

► Serotonin, in particular, has been the most investigated 
monoaminergic neurotransmitter system, and several 
lines of evidence suggest its involvement in the vulnera¬ 
bility to, and process of, suicide (Turecki and Falovic 
2005). Overall, while not always consistent, studies suggest 
that suicidal behavior is associated with reduced serotonergic 
neurotransmission. The evidence supporting serotonergic 
changes associated with suicide comes from studies using 
different and complementary approaches, including, but not 
limited to, investigations of cerebrospinal fluid levels of the 
serotonin metabolite 5-hydroxyindole acetic acid (5-HIAA), 
neuroendocrine challenges, postmortem receptor binding 
and imaging studies with receptor ligands. The serotonergic 
alterations seem to be more pronounced in the prefrontal 
cortex, where there is evidence of a decrease in presynaptic 

► serotonin transporter binding and an upregulation of 
postsynaptic serotonin receptors. Together, these results 
imply reduced serotonergic input to this brain region. 
Among other functions, the ► prefrontal cortex is 
involved in the ► behavioral inhibition and expression 
of emotions. Reduced serotonergic input to this brain 
region could result in the impaired inhibition of behaviors 
such as impulsive aggression, which in turn could increase 
suicide risk. 

Although the most extensively investigated neurotrans¬ 
mitter alterations associated with suicide have been those 
related to serotonergic changes, other neurotransmitters 
have also been investigated. Among these neurotrans¬ 
mitters are the noradrenergic, dopaminergic, opioid, gluta- 
matergic, and GABAergic neurotransmitter systems. More 
recently, promising and consistent results have pointed to 
the implication of the polyamine system, which is involved 
in the stress response, depression, and suicide. 
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Alterations have also been reported in several compo¬ 
nents of different signal transduction systems, as well as in 
neurotrophic factors, particularly ► brain-derived neuro¬ 
trophic factor (BDNF) and ► TrkB. These studies suggest 
that the suicide process may be associated with an altered 
neuroplastic capacity. 

Another interesting avenue investigated in suicide is a 
possible relationship with lipid metabolism, and more spe¬ 
cifically with low cholesterol levels. This intriguing associa¬ 
tion is supported by evidence from studies that have used 
different designs, including large cohort studies, observa¬ 
tional studies in suicidal, impulsive or violent populations, 
and experimental studies in animals, as well as postmortem 
brain studies (Golomb 1998). The use of different study 
designs and the replication of the findings across different 
populations have added validity to this still polemical asso¬ 
ciation. A number of hypotheses have been advanced in an 
attempt to understand the possible relationship between 
cholesterol and suicide, but only a few of these hypotheses 
have been the subject of experimental testing. Whether this 
association proves to be true or not, one possible way to 
understand it is through an evolutionary point of view. It is 
not unreasonable to think that dietary needs, hence choles¬ 
terol levels, should be associated with certain behaviors, 
such as ► aggression. Aggressive behaviors may have con¬ 
ferred advantages on early humans who were hunting for 
food. Such an evolutionary link between cholesterol and 
aggression, preserved in the link between impulsive ag¬ 
gression and suicide, could underlie the observed rela¬ 
tionship between cholesterol and suicide risk. If this is the 
case, there should also be molecular mechanisms connect¬ 
ing cholesterol levels to molecular correlates of aggres¬ 
sion/suicide. 

Treatment 

There is no specific pharmacological treatment for suicidal 
behavior. There is evidence, however, that certain pharma¬ 
cological interventions used for the treatment of the under¬ 
lying mental disorder are more effective than other ones in 
reducing suicidal behavior in these patients. Two examples 
of such treatments are lithium and clozapine. ► Lithium is 
a salt used primarily in the maintenance treatment of 
► bipolar disorder. There is substantial evidence indicat¬ 
ing that lithium is effective in reducing the risk of suicidal 
behavior among bipolar patients (Baldessarini et al. 2006). 
While some preliminary evidence suggests that the antisui- 
cidal effect of lithium may be independent of its mood- 
stabilizing properties, this issue requires further investi¬ 
gation. Similarly, ► clozapine, an atypical ► antipsychotic 
drug, is believed to have antisuicidal properties (Meltzer 


2005). As for lithium, it is unclear if the antisuicidal 
properties are independent of its neuroleptic effects. 

Two psychotherapeutic interventions have provided 
evidence of efficacy in reducing suicidal behavior. Cogni¬ 
tive-behavioral therapy applied in 10 sessions designed 
specifically to prevent suicide attempts has been shown 
to be effective in primarily depressed adults with recent 
histories of suicide attempts (Brown et al. 2005). Dialectic 
behavioral therapy, which is a variant of cognitive behav¬ 
ioral therapy developed specifically to treat patients with 
borderline personality disorder, has also shown evidence 
that it reduces suicidal behavior in this population (Linehan 
et al. 1991). 

Cross-References 

► Aggressive Behavior 

► Bipolar Disorder 

► Depression 

► Impulsivity 

► Lithium 

► Major Depressive Disorder 
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Sulpiride 

Definition 

Sulpiride is a ► typical antipsychotic based on antago¬ 
nism of postsynaptic D 2 dopamine receptors. Agonism at 
the gamma-hydroxybutyrate receptor may contribute to 
its antipsychotic properties. Sulpiride has fewer ► extra- 
pyramidal side effects, but also reduced antipsychotic 
potency, as compared with many other typical antipsy- 
chotics. At lower doses than used for antipsychotic treat¬ 
ment, its prominent action is presynaptic dopamine 
autoreceptor antagonism, giving rise to antidepressant 
and stimulating effects. Secondary clinical uses are thus 
treatment of depression and vertigo. Sulpiride is currently 
not approved in the USA and Canada. Together with the 
atypical antipsychotic ► sultopride, sulpiride falls under 
the chemical class of benzamides. 

Cross-References 

► Antipsychotics 

► First-Generation Antipsychotics 


Sultopride 

Definition 

Sultopride is an ► atypical antipsychotic of the same 
chemical class as sulpiride (benzamides). Sultopride’s ac¬ 
tion at antipsychotic doses exceeds D 2 dopamine receptor 
blockade to include antagonism of D 3 and 5-HT 7 recep¬ 
tors. Agonism of the GHB receptor may contribute to its 
properties. Like sulpiride, low doses of sultopride pre¬ 
dominantly block dopaminergic autoreceptors, facilitat¬ 
ing dopamine release. This action, as well as its 5-HT 7 
receptor antagonism, likely explains it efficacy at low 
doses for treating depression. Sultopride is not currently 
approved in the USA. 


Definition 

The SPC is the basis of information for healthcare profes¬ 
sionals on how to use a medicinal product safely and 
effectively. The package leaflet (PL) is drawn up in accor¬ 
dance with the SPC. The SPC sets out the agreed position 
of the medicinal product as distilled during the course of 
the assessment process. The content cannot be changed 
except with the approval of the originating competent 
authority. 


Summation Test 

Definition 

The summation test is one of two widely accepted tests for 
whether a stimulus functions as a ► conditioned inhibitor 
(►retardation of acquisition test is the other). In the 
summation test, a putative conditioned inhibitor is pre¬ 
sented in compound with a separately trained excitatory 
conditioned stimulus (CS) - that is, one that evokes a 
conditioned response. If the stimulus functions as 
a conditioned inhibitor, it should decrease conditioned 
responding evoked by the separately trained excitor rela¬ 
tive to controls that receive the excitatory CS alone, and 
the excitor in compound with an alternative stimulus that 
was not a signal for non-reinforcement. Because alterna¬ 
tive accounts for response inhibition remain with just the 
summation test, the strongest case for a stimulus func¬ 
tioning as a conditioned inhibitor also requires the use of 
the retardation test. 

Cross-References 

► Blocking, Overshadowing, and Related Concepts 

► Classical (Pavlovian) Conditioning 

► Occasion Setting With Drugs 

► Pavlovian Fear Conditioning 
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Synonyms 

Product information; SPC ► Punishment Procedures 
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Suppressibility 


Suppressibility 

Definition 

Many patients with tic disorders describe a capacity to limit 
tic expression, at least temporarily. Patients will describe 
that suppression requires concentration and that it is ulti¬ 
mately time-limited (► tics). 


Surface (or Deep) Field Potentials 

► Electroencephalography 


Surrogate 

► Substitutes 


Sustained Attention 

Synonyms 

Vigilance 

Definition 

Sustained attention is the capacity to maintain attention 
over time on repetitive tasks. It is the need for continuous 
allocation of processing resources that distinguishes vigi¬ 
lance from other forms of attention, such as divided or 
selective attention. In humans and other animals, under 
normal conditions, deficits in sustained attention emerge 
during “boring” and/or routine activities, especially in 
situations of low event rate. 

Cross-References 

► Attention 

► Attention Deficit and Disruptive Behavior Disorders 


Switch in Preference 

► Preference Reversal 


Sympathectomy 

Definition 

Lesion of the sympathetic (noradrenergic) branch of the 
peripheral autonomic nervous system. Experimental 


sympathectomy is achieved by administration of a sys¬ 
temic toxin, affecting all branches of the system or by 
extirpation of individual spinal or cervical ganglia to 
deafferent specific branches. 


Sympathetic Neurons 

Definition 

These are neurons located in prevertebral and paraverteb¬ 
ral ganglia. They are a main component of the so-called 
autonomic nervous system. These neurons are controlled 
by preganglionar terminations originating in the spinal 
cord and their axons are distributed throughout the skin, 
blood vessels, glands, the heart, and viscera. Upon stimu¬ 
lation, they release the neurotransmitter ► noradrenaline 
(norepinephrine) with the exception of some neurons 
innervating the sweat glands that release ► acetylcholine. 
The main functions are maintaining the peripheral vascu¬ 
lar tone, accelerating the heart frequency, and inhibiting 
gastrointestinal motility. 


Synaptic Consolidation 

Definition 

Synaptic consolidation is defined as the stabilization of new 
memories over time, typically on the timescale of 4-8 h. 


Synaptic Plasticity 

Johannes Mosbacher 

Research & Development, Actelion Pharmaceuticals Ltd, 
Allschwil, Switzerland 

Synonyms 

Neuronal plasticity; Short-term plasticity 

Definition 

In general terms, synaptic plasticity describes a change, 
persistent or transient, of morphology, composition, or 
signal transduction efficiency at a neuronal synapse in re¬ 
sponse to intrinsic or extrinsic signals. ► Long-term poten¬ 
tiation (LTP) and ► long-term depression (LTD) likely 
represent the most extensively studied forms of synaptic 
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plasticity, which itself is the best characterized form of 
neuronal plasticity, the cellular substrate for learning and 
memory. 

Physiology and psychopharmacological modulation of 
LTP and LTD are described in detail elsewhere (see Cross- 
References). Like these special cases, most other forms of 
synaptic plasticity are induced by an associative coinci¬ 
dence of signals in space and time, in line with the theory 
of the so-called “Hebbian plasticity”: A convergence of 
different second messenger pathways or pre- and post- 
synaptic activity at the synapse itself. Of note, the term 
“synaptic” could either point to the origin or the affected 
target of such signals. However, for many phenomena 
related to drug effects, this distinction cannot be conclu¬ 
sively drawn because a differentiation of cause and effect in 
neuronal networks is inherently difficult for drugs acting at 
multiple sites and over a relatively long period of time. 

Forms of synaptic plasticity beyond LTP and LTD 
comprise short-term plasticity (STP) based on presynap- 
tic transmitter release probability, postsynaptic spine 
motility, translocation of proteins between extrasynap- 
ticand synaptic sites, epigenetic, post-transcriptional or 
post-translational modifications of synaptic proteins, and 
changes of intra- and extracellular ion concentrations. 
Some of those changes are described as “ ► meta-plasticity” 
because they have been shown to change the ability of 
synapses to undergo classical forms of plasticity like LTP 
or LTD (Abraham 2008). Common to all those changes is 
their link to an altered function of synaptic transmission. 
This could be experimentally shown for some but not all 
of the above-mentioned examples, and there are certainly 
more mechanisms to be uncovered by improved and 
refined approaches and technologies. 


The concept of synaptic plasticity was already intro¬ 
duced more than 100 years ago, with W. James, E. Tanzi, 
E. Lugaro, and D.O. Hebb making milestone contributions 
in the development of this principle, long before T. Lomo 
and T.V. Bliss in P. Andersens laboratory could experimen¬ 
tally show in 1973 that specific electric stimuli induce per¬ 
sistent changes in synaptic transmission efficiency, both 
in vitro and in vivo (see Berlucchi and Buchtel 2009 for a 
recent review of historical aspects of synaptic plasticity). 

For a long time, electrophysiological techniques like 
extra- or intracellular recordings remained the gold standard 
to observe synaptic physiology. It is only recently, that optical 
imaging complemented the functional information with 
structural data at the level of single synapses in living tissue. 

Models of synapses usually show synaptic signal trans¬ 
mission between neurons as a “static element” that can be 
described by a fixed input-output relation: for a single 
event of chemical signal transmission between neurons, a 
presynaptic stimulus leads to a defined postsynaptic re¬ 
sponse. In the most classical case of synaptic transmission, 
a presynaptic action potential depolarizes the ► presynap¬ 
tic bouton, which contains the machinery for vesicular 
release. A rise of intracellular calcium ([Ca 2+ ] int ) induces 
the release of vesicle-stored neurotransmitters into the 
synaptic cleft. The transmitter activates postsynaptic recep¬ 
tors that trigger electric or second messenger signals in the 
postsynaptic cell. When one or several of the contributing 
synaptic components change their function, the synapse 
undergoes plastic changes that can last from milliseconds 
to days or years. More special cases of synaptic signal trans¬ 
mission, like electrical synapses formed by gap junctions, are 
not described further, as there are to date still very few 
studies on their structural or functional plasticity. Figure 1 
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Synaptic Plasticity. Fig. 1 . Types of synaptic plasticity across a timescale spanning several orders of magnitude. Depicted is 
a nonexhaustive selection of mechanisms underlying synaptic plasticity sorted by their approximate time of expression. 

A common type of classical LTP and LTD is reflected by altered AMPA receptor mediated EPSCs. Cav2 presynaptic, high-voltage 
activated calcium channels of the Cav2 family; PKC protein kinase type C; NR2 subunit family 2 of the NMDA receptors; AChR 
acetylcholine receptor; KCC2, potassium-chloride cotransporter type 2; [Cr] int intracellular chloride ion concentration; Gfi/y p/y 
subunit of trimeric G-protein; EPSC excitatory postsynaptic currents. 
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shows some examples of synaptic plasticity across a large 
temporal spectrum. In vivo optical imaging of postsynaptic 
compartments in glutamatergic neurons, so-called ► den¬ 
dritic spines, suggests that synaptic plasticity is the rule 
rather than the exception in the lifetime of a synapse. 

Impact of Psychoactive Drugs 

The diversity of synaptic plasticity implicates that there are 
numerous potential pharmacological mechanisms that af¬ 
fect synapses and their function. The below-given examples 
only reflect a selection of the better studied links between 
psychopharmaceuticals and synaptic plasticity. As for 
many other aspects of psychoactive drugs, we have to 
acknowledge that there are still many gaps in our under¬ 
standing of their molecular mechanism of action and 
link to synaptic function. As a general rule - taking into 
consideration the prerequisite for ► spatio-temporal co¬ 
incidence - it is helpful for deciphering such links to focus 
on ► second messenger systems triggered by targets of 
psychopharmacological drugs and study their effect on 
synaptic proteins that are involved in the above-described 
plasticity process. 

Linking Dopamine Receptors with NMDA Receptors 
via DARPP-32 

A prominent example of this approach is the link between 
► dopamine and N-methyl-D-aspartate ► (NMDA) 
receptors that are key mediators of many forms of LTP. 
This connection may even provide a molecular basis for the 
clinical manifestation of both positive and negative symp¬ 
toms in schizophrenia via the mutual interaction between 
dopaminergic and glutamatergic signaling networks (Stone 
et al. 2007). Phosphorylation of the dopamine and cAMP- 
regulated phosphoprotein (► DARPP-32) by either dopa¬ 
mine receptor-induced protein kinase A (PKA) or by 
NMDA receptor-triggered calcineurin reciprocally affects 
either receptor system via protein phosphatase 1 (PP1), 
and modulates the late phase of LTP by influencing the 
extracellular signal-regulated kinase (ERK) pathway. With 
its multiple phosphorylation sites, DARPP-32 is an excel¬ 
lent coincidence detector and signal integrator, as many 
more protein kinases and phosphatases regulate the sig¬ 
naling properties of DARPP-32. Stimulants like ► amphe¬ 
tamines, ► nicotine, and ► caffeine all show impaired 
efficacy in transgenic mice with ablation or genetically 
diminished phosphorylation capacity of DARPP-32. An ti¬ 
psy chotics like ► haloperidol that block dopamine recep¬ 
tors were also shown to affect DARPP-32 phosphorylation 
in the same direction as the above-described stimulants. 
The differential behavioral consequences induced by 


both classes of drugs may arise from cell-specificity in 
DARPP-32 phosphorylation as found in striatonigral ver¬ 
sus striatopallidal neurons (Bateup et al. 2008). Several 
alternative explanations exist. The activation of the im¬ 
mediate early gene necessary for LTP maintenance, Arc/ 
Arg3.1, for example, needs simultaneous signaling of 
Gas-coupled receptors like dopamine D x receptors, and 
calcium influx through NMDA receptors. It will need 
further studies to fully understand the interaction be¬ 
tween dopaminergic and glutamatergic systems at the 
synaptic level. 

Proteins involved in DARPP-32 signaling, especially 
PP1 and calcineurin, provide an interesting additional 
link between receptor function and synaptic plasticity 
via their modulation of the actin cytoskeleton in postsyn¬ 
aptic compartments. 

Antidepressants, Mood Stabilizers, and 

Antidementia Drugs Modulate the Number of 

Dendritic Spines in the Hippocampus 

The plasticity of synaptic morphology received much 
attention in recent years because of the technological rev¬ 
olution in genetic labeling and optical imaging. With two- 
photon, confocal, or evanescent wave imaging, it became 
possible to investigate single synapses at submicron reso¬ 
lution in unstained tissue. This development significantly 
accelerated studies on synaptic morphology that formerly 
required fixation and often electron microscopy. It was 
also the basis to identify a new downstream effector system 
of ► antidepressant drugs and the mood-stabilizer ► lith¬ 
ium in relation to synaptic plasticity: dendritic and post¬ 
synaptic morphology. This was first shown in a rodent 
model for depression, the bulbectomized rat. One of 
the anatomical consequences of bulbectomy is a decreased 
hippocampal volume. It could be shown that the ablation 
of the olfactory bulb, over a period of several weeks, 
induced a significant reduction in dendritic spines at 
glutamatergic neurons in the hippocampus. Loss of den¬ 
dritic spines is thought to be equivalent to a loss of 
synaptic function. The antidepressant tianeptin was effec¬ 
tively protecting against spine loss in this animal model. 
Corroborating this finding, electron microscopy studies 
in ovariectomized rats found a similar increase in synapse 
number after short-term ► fluoxetine treatment, and sub¬ 
chronic treatment of ► imipramine was found to sig¬ 
nificantly modify synaptic morphology and increase 
dendritic spine density in hippocampal subregions of 
healthy adult rats. Increased expression of neurotrophic 
factors like BDNF may provide a mechanistic link between 
the monoaminergic system modulated by antidepressants 
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and synaptic morphogens like filamentous actin. Tyrosine 
phosphorylation of |3-catenin by BDNF is known to 
promote dissociation from cadherin, a major structural 
component of many synapses. Notably, P-catenin is also 
downstream of glycogen synthase kinase GSK-3P, the mo¬ 
lecular target of mood stabilizers like lithium. Lithium 
treatment of stressed rats increased dendritic arborization 
of hippocampal pyramidal cells, also affecting the number 
of dendritic spines in this brain region (see also Pittenger 
and Duman 2008). 

Dendritic spines can grow and collapse within min¬ 
utes, and the NMDA receptor was shown to be a necessary 
trigger for such major though reversible changes in syn¬ 
aptic morphology. ► Memantine, one of the few available 
drugs for the treatment of ► Alzheimer’s Disease (AD), 
acts as a partial NMDA receptor antagonist. In primary 
hippocampal cultures, memantine was shown to prevent 
dendritic spine loss and shape changes induced by oligo¬ 
mers of amyloid P (Calabrese et al. 2007), providing a 
potential mechanism for its therapeutic efficacy in AD 
patients. Beyond AD, the ► Fragile X Syndrome, the 
most common inherited cause of mental impairment 
and the most common known cause of autism, was linked 
to defects in synaptic plasticity. Lack of the Fragile X 
Mental Retardation Protein (FMRP) induces dysregula- 
tion of spine morphogenesis and exaggerated metabo¬ 
tropic glutamate receptor-dependent LTD. FMRP is a 
synaptic protein regulating dendritic RNA delivery and 
translational repression. Based on pharmacological and 
genetic experiments, current theories see FMRP and the 
metabotropic glutamate receptor 5 (mGluR5) as counter¬ 
parts in dendritic protein synthesis. There is pre-clinical 
evidence that genetic suppression of mGluR5 or the 
mGluR5 antagonists MPEP and fenobam can re-balance 
the system at the physiological level and improve cogni¬ 
tive performance of mice lacking FMRP. This was corro¬ 
borated by a pilot clinical trial with the mGluR5 antagonist 
fenobam (Berry-Kravis et al. 2009) and will followed up by 
further clinical studies using improved drugs from this new 
evolving class of psychoactive drugs. 

Synaptic plasticity is not a phenomenon restricted to 
the postsynaptic part of neuronal synapses. In the exam¬ 
ple of amyloid |3-induced spine collapse, presynaptic bou¬ 
tons have been also affected and spontaneous synaptic 
transmission impaired. Morphological changes of presyn¬ 
aptic structures currently are targets of numerous studies. 
Functional plasticity of presynaptic proteins is particular¬ 
ly important for LTP at GABAergic synapses and most 
forms of STR This short-lasting form of plasticity is 
dependent on the vesicular release machinery and 


modulated by a number of mechanisms regulating pre¬ 
synaptic calcium (Zucker and Regehr 2002). 

Nicotine Receptors Affect Short-term Plasticity by 

Regulation of Vesicular Transmitter release 

Presynaptic nicotinic acetylcholine receptors (nAChR) are 
an important trigger for increased presynaptic calcium 
and have been shown to regulate STP in a number of 
brain areas. Particularly, the a7 nAChR channel is a target 
for a number of drug candidates currently in clinical 
development for the treatment of negative symptoms in 
► schizophrenia or ► mild cognitive impairment. Those 
receptors are expressed in many neurons at presynaptic 
sites while they control as postsynaptic receptors on 
GABAergic neurons the inhibitory tone in the hippocam¬ 
pus. Presynaptically, there is strong evidence that nAChR 
control release probability of several neurotransmitters, 
notably also of ► dopamine. Earlier studies using tonic 
application of subtype selective nAChR agonists showed 
a role for non-a7 AChRs in the regulation of dopamine 
release. More recently, phasic and short-term activation 
pattern of synaptosomes revealed a significant role of 
oc7 receptors in the control of the readily releasable pool 
of dopamine (Turner 2004). The increase in dopamine 
release upon phasic AChR stimulation was dependent on 
the calcium-binding protein calmodulin but not on pre¬ 
synaptic high-voltage-activated calcium channels, as was 
the case for the non-a7 receptor mediated dopamine 
release. An increase in the number of vesicles ready to 
release their neurotransmitter upon stimulation facilitates 
neurotransmission for the next few synaptic events, and 
thus represents a form of STR Nicotinic a7 receptors 
show an agonist-dependent rapid and strong desensitiza¬ 
tion after activation, and this desensitization likely turns 
strongly desensitizing agonists such as nicotine into func¬ 
tional antagonists when they are constantly present. Partial 
oc7 receptor agonists like MEM3454 from Memory Phar¬ 
maceuticals may well have a different effect due to their 
increased activation of oc7 receptor mediated steady-state 
current. Still, a continuous presence of the drug may 
impair phasic cholinergic signaling via those receptors. 
In this respect, allosteric positive a7 receptor modulators 
are likely to keep ► phasic signal transmission intact and 
thus may show a stronger impact on synaptic facilitation 
at dopaminergic synapses and therapeutic efficacy. 

In summary, there is good evidence that psychother¬ 
apeutics influence forms of synaptic plasticity beyond LTP 
and LTD. Whether changes of synaptic structure or func¬ 
tion upon treatment with psychoactive drugs are purely 
coincidental or causally correlated with their therapeutic 
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effect remains to be determined for most cases. Given the 
relevance of synaptic plasticity for cognitive and emotion¬ 
al processes, this form of neuronal plasticity is no doubt a 
major contributor to the behavioral effects induced by 
psychopharmacological drugs. 

Cross-References 

► Extracellular Recording 

► Intracellular Recording 

► Long Term Depression 

► Long Term Potentiation 

► Nicotinic Agonists and Antagonists 

► Tonic Signals 
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Synaptic Pruning 

Definition 

A process by which synaptic contacts between neurons, 
across which neurotransmitters and other chemical 


messengers are released in support of information pro¬ 
cessing, are normally reduced or eliminated in postnatal 
development. The overabundance of metabolically expen¬ 
sive synaptic contacts present in many brain regions 
in early life is thought to set the stage for processes of 
competitive elimination, in which those neural connec¬ 
tions that carry the most functionally relevant forms of 
information survive and grow, while those carrying the 
least are removed. In many brain regions, this process may 
be particularly robust or entering its finishing stages dur¬ 
ing adolescent neurodevelopment. 


Synaptic Reconsolidation 

Definition 

Synaptic reconsolidation is defined as the return of a 
consolidated memory to an unstable state, from which it 
must restabilize in order to persist. Typically, restabiliza¬ 
tion, or reconsolidation, takes several hours. Reactivating, 
for example, recalling or retrieving, existing memory can 
induce reconsolidation. 


Synesthesia 

Definition 

Synesthesia is the crossing of senses, a phenomenon 
whereby stimulation of one sensory modality leads to 
automatic and involuntary experience of stimulation in 
a second sensory modality. Examples: to smell colors and 
to visualize sounds as colors. 


Syntodnon 

► Oxytocin 







